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This ts one of a series of paintings by Paul Peck, illustrating the anatomy of various organs and 
tissues of the body which are frequently attacked by infection, where aureomycin may prove useful. 
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Aureomycin 


NDOCARDITIS —Aureomycin has established itself as one of the most valuable 
agents available for the treatment of infections involving the heart. Aureomycin is 

now recognized as a highly effective antibiotic against the organisms most frequently 
encountered in endocarditis—staphylococei, Str. viridans, Str. fecalis and other entero- 
cocci. These organisms are being increasingly found resistant to penicillin and strepto- 
mycin. Endocarditis caused by these organisms has responded to aureomycin after 
failure of other antibiotics. Aureomycin is held by many physicians to be an antibiotic 
of choice for prophylactic use in patients with organic cardiac disease who require 
oral, intestinal, or rectal surgery, or any transurethral operative procedure. Endocar- 
ditis complicating typhus and brucellosis has responded well to aureomycin therapy. 


ERICARDITIS —The importance of aureomycin in pericarditis has been demon- 

strated by its successful use after failure of other therapy—in acute nonspecific 
pericarditis, possibly of viral etiology; /. influenzae pericarditis; tularemic pericarditis; 
and actinomycotic pericarditis, 


HEUMATIC FEVER —Because aureomycin is an antibiotic with a wide range 
of effectiveness against the pathogenic strains of streptococci, its use has been 


recommended for the prevention of acute rheumatic fever and its cardiac complications, 
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to reduce blood pressure and relieve symptoms —a new, potent oral hypotensive 
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Methium’s ability to 
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even where pressure cannot be lowered 


An autonomic ganglionic blocking agent, 
Methium (/examethonium chloride) inhib 
its nerve impulses that produce vasoconstric- 
tion—thereby causing blood pressure to fall 


In successfully treated patients, receding 
pressure is accompanied by relief of head- 
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other cases, where blood pressure does not 
respond to therapy, symptomati 
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Methium ts a potent drug and should be used 
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impaired function, coronary artery 
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vascular accidents. Complete instructions for 
prescribing Methium are available on writ- 
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OPENING ADDRESS 
wenty-Fifth Graduate Fortnight* 


Wat. Barcitay Parsons 


The New York Acade 


@Sesesesesesed ani happy to bid all of you an extremely warm welcome 
to the Twenty-Fifth Graduate Fortnight of The New 

| York Academy of Medicine. When the Committee de- 

cided upon the highly provocative theme for this Fort- 

a night they automatically made their job that much 
harder because then they had to set up the program, The difficulties 
in that respect were first to select the proper number of subjects of 
general interest from the great mass of clinical and research materia 
available, and, what was even more difficult, to select the individual 
speakers on each topic from the large number of men and women in 
the various teaching centers throughout the country who have in recent 
years contributed so much to our knowledge of hormones and their 
action in both health and disease. However, | am confident that as you 
look at the program now, and two weeks hence you look back on 
what you have seen and heard, you will feel that the Committee solved 
their problems in a masterly way, that a real debt of gratitude is due 
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the contributors, and that this Fortnight wall take its place among the 
best in the first quarter century of its existence. 

\s the representative of the Fellowship of this Academy I formally 
thank each member of the Fortmght Committee and its Chairman, 
Dr. Hanger, also the members of the Committee on Clinics under the 
egis of Drs. Snapper and Dock, Dr. Eichna and his Committee on 
Panels, and the two impresarios of the Scientific Exhibit, Drs. Angrist 
and Higinbotham. To all of them we can say “Well done.” ‘Time 
hardly permits mentioning all the local speakers, but | do want to thank 
with particular emphasis our out of town visitors: Dr. Bergenstal of 
Chicago, Dr. Braceland of Yale, Dr. Engel of Duke, Dr. Kendall of 
Princeton, Dr. Kirsner of Chicago, Dr. Sturgis of Michigan, Dr. Wil- 
kins of The Johns Hopkins, and the Dean of modern endocrinology 
whom we are so happy to have with us, Dr. Fuller \lbright, perhaps 
of the world, but certainly of Harvard. 

[his is the first Graduate Fortnight under the administration of Dr. 
Robert L. Craig, who succeeded Dr. Mahlon Ashford as Executive 
Secretary of the Committee on Medical Education. He and his staff, 
particularly Mrs. Anthony and Mrs. Binswanger, have worked lke 
beavers in preparation for this Fortnight, and although nothing would 
make the task easy, | am sure that Dr. Craig would be the first to give 
full credit to his able and experienced staff for making his yob that much 
easier, Certainly all of us owe all of them our heartfelt thanks. 

It is now my pleasure to introduce to you the Presiding Officer 
of this session who ts also the Chairman of the Committee on the Fort- 
night, to which position he gets drafted from time to time because he 
does such a magnificent job through his intelligence, imagination and 


humor, Dr. Franklin M. Hanger. 
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COMMON 


SENSE IN ENDOCRINOLOGY: 


Ludwig Kast Award t 


Futter ALBRIGHT 


Hlarvar Medical Schou 


Gaesesesesese am very honored to have been chosen for the Ludwig 


Kast Award of 1952 and am happy to be here. 

First, let me apologize if this talk gives evidence of 

having been written during a presidential campaign. 
& a I did not choose to give this talk; | was drafted; | 
have no secret fund. Furthermore, the choice of the ttle, “Common 
Sense in Endocrinology,” was not of my doing. Indeed, it may turn 
out to have been my undoing. Be that all as it may, sense of some kind, 
common or otherwise, is occasionally useful in endocrinology and so 
common sense is perhaps as worthy as anything of a few minutes’ dis- 
cussion. The tricky part of the problem is to prevent the degradation 
of sense into nonsense. 

But we must make a start! 

What is common sense? Is it average sense? Is it the degree of sense 
achieved by an automatic calculating machine? No, none of these. 
How 1s it related to intelligence? 

Let’s make a graph. If one plots intelligence against common sense 
and uses the right scales, the right coordinates and the right paper (log., 
log., if mathematically inclined) and keeps an eye on lambda, one may 
obtain with very little cheating three points through which anyone w ith 
common sense would draw a straight line (see Fig. 1). Llowever, some- 
body with even more imagination might draw a much more interesting 
curve through the same three points (see Fig. 2). 

This second curve reveals several interesting things of which tme 
permits the discussion of only one. Thus, whereas in the midzone of 
intelligence common sense increases with increasing intelligence, in the 
higher reaches of intelligence common sense 1s left far behind. 
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Fig. 1. Common Sense vs. Intelligence 
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Fig. 2. Common Sense vs. Intelligence 
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Conmron Sense in Endocrinology 


But | am off on a tangent. | won't try to define common sense 
further; you all know what it means. | won't deny its importance, It 
is almost axiomatic—I might almost say it is common sense that common 
sense has its place in all branches of medicine. | would emphasize, how- 
ever, that it has its shortcomings. One cannot rely on common sense 
alone; one’s deduction, one’s theory, one’s handling of a situation can 
be based on the highest order of common sense and stull be entirely 
wrong. 

First let me dispose of the case where poor sense masquerades under 
the guise of common sense. 

For example, take metropathia hemorrhagica. This is clearly an 
endocrine disorder, associated with a continuous estrin§ production 
coupled with the absence of an intermittent progestin production.’ It 
is associated with hyperplasia of the endometrium, focal areas of which 
break down and cause continuous uterine bleeding. The primary dith- 
culty is that the surface of the endometrium as a whole is not being 
cast off every twenty-eight days. These patients bleed but do not 
menstruate, they have a “continuous-hormonal-amenorrhea,” ast 
were, in spite of the fact that they may be flowing constantly. They 
do respond to medical treatment, but this sometimes takes a_ little 
arranging and a little patience. What too often happens is that the 
patient gets started on medical treatment; this is not immediately suc- 
cessful; one course of injections follows another, first this specialist and 
then that is consulted; the flowing keeps on; the patient and her mother 
begin to get discouraged, etc., etc. In comes the man of action,—this 
time in the guise of a surgeon, engulfed in an aura of apparent common 
sense! “\Why continue dilly-dallying around? Why not have the uterus 
out and get rid of the trouble once and for all? What are we waiting 
for?” So be it! Out goes the uterus and often the ovaries! But, alas! 
what seemed to be common sense at the time, reviewed after thirty 
childless years, will turn out to have been pseudo-common sense of the 
first water. Unfortunately, the surgeon will have long since lost track 
of the case. 

Secondly, let me cite an example where common sense was not 
lacking in quanuty or quality—at least | hope not—but where, nonethe- 
less, the deductions arrived at may have been erroneous. It is possible 
that the straight line graph was used where the S-curve was called for. 
| have in mind studies on the mode of action of the hormone of my 
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ig. 3—Effect of parathyroid hormone on serum calcium and phosphorus levels and urinary 


calcium and phosphorus excretions. (Albright and Ellsworth, in J. Clin Investigation 


Iss-201, 1929. Reprinted by permission) 


old friends, the parathyroid glands. 

Calcium phosphate occurs in the body in a solid state (bone) and 
in solution (body fluid). With an increase of parathyroid hormone 
there is, in body fluids, a rise in the caletum and a fall in the phosphate. 
One cannot escape the suggestion that some solubility product is con- 
trolling the levels of calcium and phosphate. 

Then, if one carries out a few experiments suggested by these ob- 
servations, one ends up with the following four fundamental sequelae 
of parathyroid hormone administration: 1) hy percalcemia, 2) hypercal- 
curia, 3) hypophosphatemia, and 4) hyperphosphaturia.* 

Now. if one were to be cast off on a desert island, one where there 
were no distracting stimuli, and if one had these four sequelae alone 
to consider, and if one granted that the four sequelae are interrelated, 


one could only come out with the following sequence: hyperphospha- 
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Serum P 


SerumCa 


Calcium in Urine 


Lad 


Phosphorus in Urine osx 


f 


7690121234567 
® 75Unils Paromormone Time 


Fig. + Data similar to those in Figure 3 except that the periods are 
one hour instead of eight hours. (Albright and Ellsworth, in J. Clin 
luvestigation > 183-201, 1929. Reprinted by permission) 


turia > hypophosphatemua hypercalcemia > hypercalcuria. On being 
rescued from the island, one could design experiments to test the 
validity of these deductions (see Figs. 3 and 4). 

This so far seems an example of where deductions, based on com- 
mon sense alone, turned out to be valid. But wait! . . . somebody ts 
always taking the joy out of life. It will be noted that the above-men- 
tioned sequence starts with hyperphosphaturia. If that were the first 
step, the other sequelae should not follow as sequelae at all in the 
absence of kidneys. An increasing number of investigators are finding 
all kinds of actions of the hormone on animals with their kidneys out. 
Phe author reluctantly has admitted that the old theory might need 
some revising.” This challenge reached its culmination when barnicot' 
produced bone changes locally in proximity to parathyroid transplants. 
However, as far as the author is aware, nobody has shown that his pet 


sequence (vy. supra) does not play a part,—albeit not the only part.* 
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So much for the parathyroids! 

Thirdly, common sense plays its part in another field of endocrin- 
ology—that of lecturing. Though it is intelligence which frames the 
body of a talk, it is common sense which dictates that one sit down 
when he has nothing more to say. 
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HORMONES OF THE ADENOHYPOPHYSIS* 
Ph.D. 


Lecturer in Biochemistry, College of Physicians and Surgeons, Columbia University 


ome HE purpose of this presentation is to recall briefly the 
a) nature and function of the hormones of the adenohypo- 


i physis, and to discuss with you several of the more re- 


a cent important developments and concepts, most of 
Gesesesesesesd which relate to one of these hormones, namely the 
adrenocorticotropic principle. 

As you are all aware, the anterior lobe of the hypophysis secretes 
a number of hormones, at least six of which have been isolated in highly 
‘purified form and fairly well characterized, both chemically and 
physiologically. The hormones are listed in ‘Table 1, which contains 
information regarding the common name or names, including synonyms, 
of each principle, the end tissue upon which each hormone exerts its 
effect, and the nature of the physiological response. There is reason 
to believe it unlikely that additional adenohypophyseal hormones will 
be identified, inasmuch as all of the biological activities reported for 
crude adenohypophyseal extracts can be reproduced by one or more 
of the isolated hormones. However, it should be recognized that one 
or several of these chemically purified substances may have more than 
one type of biological activity, or may be impure in the sense that bio- 
logically active impurities could be present which are not detectable 
chemically. 

Among the most interesting of the more recent developments re- 
lating to adenohypophyseal hormones are the investigations concerned 
with the chenustry and biological properties of the adrenocorticotropic 
hormone, commonly termed ACTH. It has been generally accepted 
that all of the adenohypophyseal hormones are proteins of relatively 
high molecular weights, and that the biological properties of these sub- 
stances were dependent upon the intact protein molecule. However, 
chemical interest in ACTH, a protein with a molecular weight of 
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Principal 


Site of 
Hormone Action Principal Processes Affected 
Luteotropin (Prolactin) Mammary gland Proliferation; initiation of milk 
secretion, 

Corpus luteum Final development and functional 
activity, Le, secretion of pro 
yesterone, 

A\drenocorticotropin (ACTIL) \clrenal cortex Formation and secretion of adre- 
nal cortical steroids 
Thyrotropin (TSH) Phivroid Formation and secretion of thy 


roxine. 


Growth hormone 


General 


Growth of bone and muscle. Ana- 
bolic effect on calcium, phos- 
phorus and nitrogen metabolism, 


(Somatotropin) 


Luteinizing or interstitial Ovary Luteinization: secretion of proges 
j cell stimulating terone (see FSH) 
hormone (LEH, ICSH, Testis Development of interstitial tissue ; 


metakentrin) secretion of androgen 


Pollicle-stimulating Ovary 
hormone (FSH, thy 
lakentrin) 


Development of follicles; with LH, 
secretion of estrogen and ovula- 


tion 
lestis Development of seminiferous tu 
bules, spermatogenesis 
Diahetogenic factor General Metabolism of carbohydrate and 
(May be identical with one lipid 


of the other adenohypo 
physeal hormones) 


20,000, has been greatly stimulated by the observations initially made 
by Li and his associates at the University of California that ACTH 
could be partially degraded either with pepsin or with hydrochloric 
acid without destroying the biological activity. This is a striking ob- 
servation in that it represents the first time in the field of protein hor- 
mones, with the exception of the well-known case of thyroglobulin, 
that a protein hormone could be partially hydrolyzed without complete 
loss of biological activity. The observations of Li and his colleagues 
have been confirmed in a number of laboratories, and, indeed, it has 
been possible to prepare from partial hydrolysates of ACTH lower 
molecular weight peptide fractions with a biological activity approxi- 
mately one hundred times that of the original protem. The nature of 
the active fragment or fragments is as yet unknown, although data do 
indicate that more than one active peptide fragment may be present 


and that the molecular weight of such peptdes is of the order of ap- 
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proximately 1200, From a physiological and clinical point of view the 
preparation of these low molecular weight active fractions has the 
advantage that these substances will probably not be antigenic and that 
clinical reactions or refractoriness to their chromic admunistration would 
be unlikely. 

‘The physiological and clinical effects of ACTH have been widely 
explored during the past few years for several reasons. First, because 
of the dramatic effects of ACTH in rheumatoid arthritis as well as in 
several other clinical syndromes and second, because of the widespread 
effects of pituitary-adrenal cortical secretion on a number of physiologi- 
cal processes. 

The phystological and clinical interest in ACTH may be separated 
for purposes of discussion into two categories. The first deals with 
studies of the regulation of pituitary-adrenal cortical secretion, and 
the second with the actions of this endocrine mechanism in relation 


to disease. 


REGULATION OF THE SECRETION oF 


\DRENOCORTICOTROPIC. LLTORMONI 


\n understanding of the factors concerned with regulation of the 


rate of secretion of the pituitary adrenocorticotropic hormone is of 
prime importance in experimental and clinical physiology, since ACTH 
exerts a tropic influence on the adrenal cortex, regulating the rate of 
release of the important adrenal cortical steroids. In the absence of 
adequate production of ACTH, as seen, for example, in panhypopitui- 
tarism or Simmonds’ disease the adrenal cortex atrophies, and symptoms 
of adrenal cortical insufficiency may be evident. Cony ersely, an ade 
noma of the adenohypophysis, with its overproduction of ACTH, 
leads to symptoms of the hyperadrenalcorticism of Cushing's disease. 
Since these represent pathological conditions, there are, apparently, 
under normal circumstances, mechanisms available for regulating 
pituitary-adrenal cortical activity within physiological limits. Let us 
consider briefly the nature of these mechanisms. 

It is of importance to emphasize that one of the most striking features 
of pituitary-adrenal cortical secretory activity Is its augmentation as 
a result of a wide variety of unrelated stresses.’ * Indeed, it is difficult 
to find a procedure or an agent which, when applied to an organism 
with an intact pituitary-adrenal cortical system, will not stimulate the 
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secretory rate of this endocrine mechanism, 1.¢., the release of ACTH 
in increased quantity. Thus, for example, the following procedures, to 
list a few, are accompanied by histological and physiological evidence 
of an elevated blood level of adrenal cortical steroids, as a consequence 
of increased ACTH production: 

A. Trauma and physical stresses, e.g., fractures, crushing of tssue, 
hemorrhage, surgical procedures, anoxia, cold, heat, inanition. 

B. Chemical stmmili: 1. Substances normally produced in the organ- 
ism, ¢.g., insulin, epinephrine, thyroxine, histamine, pitressin, estrogens. 

2. Toxic chemicals, ¢.g., foreign proteins, arsenic, benzene. 

3. Bacterial toxins. 

C. Emotional stinnili, i.c., psychogenic factors. 

The responsiveness of the pituitary-adrenal cortical secretory 
mechanism to such widely different stimuli affords an explanation of 
the similarity of the physiological response seen in diverse experimental 
and clinical conditions. This is probably of great importance as a con- 
tributing etiologic factor in diseases which may result from the de- 
leterious effects of chronic release of the pituitary adrenocorticotropic 
hormone. 

The mechanism of the regulation of pituitary adrenocorticotropic 
hormone release appears to have at least two important components. 
‘These are, one, a self-regulating humoral aspect dependent on the 
relative blood concentrations of ACTH and adrenal cortical hormones, 
and two, an aspect representing a part of the response of the autonomic 
nervous system, 

Sayers and his colleagues*' have demonstrated the influence of 
the blood level of adrenal cortical steroids on the secretion of pituitary 
ACTHL The secretory activity of the adenohypophysis with respect 
to release of ACTH, the tropic hormone, varies inversely with the level 
of circulating adrenal cortical steroids, the target hormones. Increased 
rate of removal of these steroid hormones by the tissues will lower their 
concentration in the blood, and evoke secretion of ACTH. On the other 
hand, administration of exogenous hormone, ¢.g., cortisone or adrenal 
cortical extract will, by elevating the blood concentration of the adrenal 
steroids, tend to depress ACTH secretion. This mechanism would 
account for the adrenal cortical atrophy and hypofunction reported 
in animals and in patients treated chronically with cortisone, resulting 


in drug withdrawal symptoms of acute adrenal crisis. 
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The increased rate of disappearance of adrenal cortical steroids 
from the blood in the widely diverse circumstances listed previously as 
unrelated stresses is of important practical consideration clinical 
medicine. The capacity of the individual’s pituitary to produce ACTH, 
in response to the lowered level of circulating adrenal cortical steroids, 
may be an exceedingly important factor in determining the degree 
of his success in weathering the threatening pathological storm which 
can result from one or more stress-inducing circumstances. 

The second aspect of the mechanism regulating pituitary-adrenal 
cortical secretion is based on the response of the autonomic nervous 
system. This concept has developed largely from the investigations of 
Long and his associates," who have demonstrated the extreme sensi- 
tivity of pituitary-adrenal cortical secretory activity to minute amounts 
of epinephrine. The quantity of epinephrine involved its below that 
which will cause either a significant pressor response or an alteration 
in blood glucose level. Inasmuch as epinephrine represents an important 
humoral component of the sympathoadrenal system, the release of 
epinephrine could be one of the common, underlying physiological 
factors which would explain the augmented production of ACTH as 
a result of a variety of non-related stimuli, all of which affect the sympa- 
thoadrenal mechanism. Long has termed the mechanism proposed by 
Sayers “the metabolic phase” of the regulation of the pituitary-adrenal 
cortical system, and that involving stimulation of the autonomic nervous 
system, with its release of epinephrine, “the autonomic phase.” 

Harris and his colleagues’ in England have postulated a hypothala- 
nuc-adenohy pophyseal aspect of the regulation of ACTH release. The 
evidence presented in support of this concept suggests that stimulation 
or ablation of certain hypothalamic areas, will, respectively, augment 
or inhibit manifestations of ACTH secretion as a consequence of an 
emotional stimulus. It has been proposed that the hypothalamus, as a 
result of appropriate stimulation, produces a humoral agent which is 
transported via the hypophyseal portal vessels to the adenohy pophysis 
where it provokes the secretion of ACTH. 

While there are some experimental data which are not in complete 
harmony with all of the suggested components of the regulation of 
pituitary ACTH secretion, the evidence available does afford a work- 
ing framework in which can be discerned an understanding of the 


exquisite sensitivity of the pituitary adrenal cortical secretory mechan 
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ism to a wide variety of unrelated stimuli, including mental and emo- 
tional stress, 

It is of considerable interest that epinephrine, the hormone of the 
adrenal medulla, proposed by Walter B. Cannon as the humoral agent 
which mobilizes body resistance to alterations in homeostasis, will pro- 
voke increased production of the adrenal cortical hormones, which 
have been demonstrated to enhance markedly certain physiological re- 
actions concerned with restoring to normal the balance of the internal 
environment. Thus, two endocrine portions of the adrenal, namely the 
medulla and the cortex, are integrated via the hypothalamic-adenohy- 
pophyseal structures. 


Asprers or Prrurrary-ADRENAL CorricaL S&CRETION 


IN RELATION TO DiIseAsE 


The well established effects of pituitary-adrenal cortical secretion, 
i.c., ACTEL or the adrenal cortical steroids it evokes, on water, clec- 
trolyte, carbohydrate and protein metabolism are too well-known to 
warrant other than brief mention. It may be recalled that desoxycorti- 
costerone or its acetate, termed DOCA, will promote water and salt 
retention, and correct the fluid and electrolyte disturbances of adrenal 
cortical insufficiency. However, DOCA has no significant capacity to 
mobilize tissue protein from which carbohydrate and ultimately glucose 
may be formed, This steroid hormone, therefore, is incapable of pro- 
tecting the adrenal cortical insufficient patient against the inypoglycena 
either of fasting, or of small doses of insulin. On the other hand, certain 
adrenal cortical steroids with a functional oxygen containing grouping 
at position 1 in the steroid nucleus, e.g., corticosterone (compound B) 
or 17-hydroxycorticosterone (compound F) not only are capable of 
regulating, to a degree, water and salt metabolism, but are highly 
effective in making available tissue protein for carbohydrate formation 
in circumstances when the latter is required for energy purposes. 

Let us now consider a few of the newer and currently interesting 
physiological aspects of pituitary-adrenal cortical secretion that appear 
to be of prime importance for an ultimate understanding of the mode 
of beneficial action of these hormones in certain diseased states. A 
number of these will be given additional attention by other speakers 
in subsequent sessions during this Graduate Fortnight. 
Anti-Inflamrmatory Effects: The ameliorative effect of ACTH and 
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of cortisone in various connective tissue diseases has focused attention 
on the mechanism of action of these hormones in inflammation, in par- 
ticular, and in the hypersensitive state, in general. 

One type of hypersensitive state, namely, anaphylaxis, has long 
been known to be influenced by the adrenal cortex. Adrenalectomized 
animals are more sensitive to anaphylactic shock than intact animals. 
Indeed, Dougherty and his co-workers* have demonstrated recently 
that while the intact, sensitized mouse is the most resistant of animals 
to anaphylactic shock, the adrenalectomized, sensitized mouse ts as 
highly reactive to the challenging dose of antigen as are sensitized 
guinea pigs. For example, the LDso of horse serum in sensitized normal 
mice (CBA strain) was found to be greater than 1.0 ml, whereas the 
LD... of horse serum in sensitized adrenalectomized mice was 0.00052 
ml., 1e., absence of the adrenals increased the anaphylactic sensitivity 
of mice by considerably more than two thousand times. Moreover, 
while cortisone and compound F were effective in protecting sensitized 
adrenalectomized mice against a shocking dose of antigen, desoxycort- 
costerone was without protective action. In fact, when equal doses of 
desoxycorticosterone acetate and cortisone were given together, 
the degree of resistance obtained was definitely less than that provided 
est thar DCA 
antagonizes the action of cortisone directly in tissues rather than via 


by the same dose of cortisone given alone. The data sugg 
the pituitary. 

The suggestion that histamine ts at least one chemical mediator of 
anaphylactic shock in the adrenalectomized mice is derived from the 
observations that administration of the antihistamine, pyribenzamine, 
fifteen minutes before administration of the shocking dose of horse 
serum provided some degree of protection for the adrenalectomized 
mouse. The data support previous evidence” that either the destruction 
or elimination of histamine is decreased in the absence of the adrenal 
cortex. These investigations demonstrate that the adrenal cortex plays 
a fundamental role in ameliorating the clinical phenomena comprising 
anaphylaxis. The mechanism of the action of C-11 oxysteroids in hyper- 
sensitive reactions has not as yet been indicated. 

As an extension and corollary of the above studies, Dougherty 
and his associates have examined certain of the less manifest and non- 
lethal consequences of hypersensitivity reactions in their relation to 
the cardiovascular and collagen tissue pathology of the hypersensitive 
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state. The local inflammatory response to a topically applied stimulus 
(traumatic, bacterial or allergic) was qualitatively the same in intact 
and adrenalectomized animals, as judged by differential cell counts of 
spreads of connective tissue excised from the area of inflammation. The 
classic phenomena of fibroblast destruction and invasion of polymor- 
phonuclear leukocytes and macrophages occurred. However, when 
cortisone was administered prior to the inflammatory inducing stim- 
ulus, the inflammatory response was markedly suppressed. Destruction 
of fibroblasts was prevented, and the invasion of polymorphonuclear 
leukocytes and macrophages was far less extensive. Similar data were 
obtained when cortisone was injected locally into loose connective 
tissue, 

The important studies of Dougherty and his colleagues focus atten- 
tion on the cellular elements of connective tissue as the site of action 
of adrenal cortical hormones in the inflammatory reaction, and demon- 
strate that adrenal cortical secretions have a marked anti-inflammatory 
action on the inflammation produced by allergy as well as that which 
follows other inflaming stimuli. These effects provide a beginning of 
an understanding of the mechanism of the ameliorative action of corti- 
sone In various connective tissue diseases. 

Infectious Diseases: The fact that invasion of leukocytes into an 
inflamed area is inhibited by cortisone administration may underlie 
certain of the undesirable clinical experiences encountered during the 
use of cortisone in infectious diseases. If one accepts phagocytosis as 
being of importance in the disposal of bacterial agents, then suppression 
of the phagocytic invasion by cortisone administration should encour- 
age growth and extension of the microorganisms. This situation might 
obtain even though the inflammation per se is diminished. This broadly 
drawn picture could explain in part certain of the clinical experiences 
in lobar pneumonia. On treatment with ACTH, the patients became 
afebrile and felt better, but the clinical course of the pneumonia, judged 
by physical and x-ray examination, was the same as tha of the un- 
treated disease. Perhaps similar mechanisms are operative in the clinical 
experiences of aggravation of pulmonary tuberculosis under certain 
circumstances following cortisone administration, If the capacity to 
meet a bacterial invasion is dependent in part on an inflammatory re- 
action and walling off the organism, then the action of cortisone would 


be deleterious to the host by suppressing the inflammatory response. 
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There are two additional aspects of infectious diseases which perhaps 
Warrant speculation in relation to the current physiological status of 
ACTH! and the adrenal cortical hormones. First, the chronic adminis- 
tration of these steroids in man appears definitely to suppress the blood 
titer of a variety of antibodies. The mechanism of this action is not 
known, although it may be related in part to the effects of the adrenal 
steroids on the structure and function of lymphoid tssue. The per- 
sistent decrease in lymphoid elements caused by adrenal cortical steroid 
admunistration could well result in a diminished capacity for antibody 
formation, Secondly, the attenuation of certain viral agents, ¢.g., polio- 
myelitis virus, by lymphoid tissue raises the question of whether dissolu- 
tion of cellular elements of these structures, by administration of ACTH 
or of cortisone, may lead to undesirable physiological consequences 
as a result of release of the infectious agent. More importantly, perhaps 
the same events may occur following augmented endogenous produc- 
tion of adrenal cortical hormones as a result of an individual being 
subjected to any one of the wide variety of unrelated stimuli mentioned 
previously, which produce ACTH release. 

Electrolyte Aspects: Although the effects of adrenal cortical hor- 
mones on water and salt metabolism are among the earliest descriptions 
of adrenal function, the relation of these changes to the metabolic 
activity of certain tissues, ¢.g., brain and heart, has developed from more 
recent, current studies. 

The investigations of Woodbury and his associates" indicate that 
the excitability of brain tissue ts affected by the concentration of extra- 
cellular electrolyte and, therefore, is influenced by the level of adrenal 
cortical hormone secretion. ACTH! or cortisone increases brain excita- 
bility of the rat, as measured by electroshock threshold values, whereas 
desoxycorticosterone decreases brain excitability. These observations 
have led to the use of desoxycorticosterone acetate, in conjunction with 
antiepileptic drugs, as a therapeutic measure in epileptic seizures. While 
the initial results have been encouraging, the undesirable side effects 
of desoxycorticosterone acetate warrant the continuing search for other 
steroids which may lower brain excitability. The data also suggest a 
possible partial physiological basis for the undesirable mental states 
reported in some instances following chronic cortisone admunistration. 

Related to the above studies has been the more recent recognition 


that cortisone effects an improvement in the clectroencephalogram of 
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the patient with Addison’s disease, provided a primary thyroid deti- 


ciency is not present. Similar observations have been reported with 
compound B. 

The marked influence of adrenal cortical hormones on electrolyte 
metabolism is also reflected in the functioning of cardiac muscle. The 
widespread use of cortisone therapy has led to the recognition that 
this hormone, producing an increased degree of sodium retention and 
of potassium excretion, ay Cause symptoms of hy popotassemia (hy po- 
kalemia), reflected by muscular weakness or paralysis, a low broad 1 
wave and a prolonged QT interval in the electrocardiogram, with im- 
pairment in contractility of the cardiac muscle. This also occurs in the 
normal subject given chronic doses of ACTH. These observations have 
led to the use of potassium chloride as supplementary therapy in patients 
receiving large doses of cortisone or ACTH. 

Lipid Metabolism: Vhe ability of adrenal cortical hormones to in- 
Huence the metabolism of organic constituents of cells has been cmpha- 
sized chiefly in relation to alterations in protein and carbohydrate meta- 
bolism since these are characteristically seen in adrenalectomized ani- 
mals and in Addison’s disease. By contrast, adrenal insufficiency 1s not 
accompanied by symptoms of altered lipid metabolism, Hlowever, with 
the advent of cortisone and ACTH therapy, it has been recognized 
that pituitary-adrenal cortical secretion can exert a profound effect on 
lipid metabolism,'' the consequences of which may have both desirable 
and undesirable implications. 

The influence of adrenal cortical hormone administration on lipid 
metabolism is reflected in a production of a hyperlipemia, and an in- 
creased mobilization and utilization of lipids. There is an increase in 
blood cholesterol and phosphatides, a rise in the serum level of ketone 
bodies and a fall in respiratory quotient during the early period of corti- 
sone treatment. The accelerated lipid metabolism, as a result of cortisone 
administration, can thus have a markedly beneficial effect on the ca- 
pacity of the Addisonian patient to withstand a twenty-four hour fast, 
since the evidence obtained from nitrogen balance studies suggests that 
the amount of extra carbohydrate formed from protein as a result of 
cortisone administration during fasting is relatively small. 

The hyperlipemia induced by an increased supply of pituitary- 
adrenal cortical secretion, either of exogenous or endogenous origin, 
may suggest a note of caution regarding possible undesirable conse- 
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quences. If hypercholesterolemia is a secondary contributing factor to 
vascular disease, then perhaps the atherosclerotic plaques observed in 
some of the large vessels at autopsy of individuals under chronic treat- 
ment with cortisone or ACTH may have its basis in the effects of 
adrenal cortical hormones on lipid metabolism. 

Neoplasia: Vhe capacity of the adrenal cortex to produce andro- 
gens, or steroids with male sex hormone activity, has been recognized 
since the description of adrenal cortical tumors and adrenal virilism. 
The deleterious effects of androgenic substances in prostatic carcinoma 
has led to therapeutic measures based on either removal of the chief 
source of androgen, by castration, or inhibition of the effects of andro- 
gen, by administration of female sex hormones, or estrogens. |lowever, 
following castration there occurs a significant Compensatory increase 
in the production of androgens by the adrenals. With  satistactory 
adrenal replacement therapy now available, several clinics have resorted 
to total adrenalectomy as a therapeutic measure in cases of prostatic car- 
cinoma which are refractory to estrogen therapy. The results to date 
warrant further exploration of this clinical approach, based on adrenal 
physiology. 

Hypertension: Vhe important role of pituitary-adrenal cortical 
secretion in the maintenance of hypertension has been investigated 
experimentally, and is now being explored in the clinic. The beneficial 
effect of adrenal resection in correcting hypertension of patients with 
Cushing's disease seems indicated. Although there is no evidence as yet 
that the adrenal cortex is hyperactive in patients with malignant hyper- 
tension, it is of interest that a steroid never found in the urine of normal 
subjects, namely, 11-hydroxyetiocholanolone, has been found in the 
urine of patients with hypertension, as well as in the urine of patients 
with neoplasia.’* Also, there appears to be some evidence for an effect 
of pituitary-adrenal cortical secretion on the hypertensinogen content 
of the blood. 

At the present time, the observations of a number of clinics suggest 
that either total or subtotal adrenalectomy results in amelioration of 
the hypertension in a significant number of patients with essential or 
malignant hypertension. Apparently, although the adrenal cortex has 
not been shown to be an etiological factor in the hypertension, its 
effects on cardiovascular phenomena are so fundamental that it appears 


Tn sible to maintain hypertension in the absence of the adrenal cortex. 
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It should be emphasized that studies in pituitary-adrenal physiology 
point to the need for physiological methods of suppressing the secretory 
activity of this endocrine mechanism, achieved to the present time 
chiefly by surgical intervention. It may be noted that the ability of 
adrenal cortical hormones, namely, cortisone, to cause inhibition of 
production of endogenous adrenal cortical steroids, has been utilized 
with some degree of success in adrenal virilism. However, the amount 
of exogenous hormone required in other circumstances, for example, 
hypertension, appears to be too great in relation to the other physiologi- 
cal, and sometimes undesirable, effects of cortisone. The search for 
substances which may inhibit the hormonal production of the pituitary- 
adrenal cortical mechanism, is one of the most important current prob- 
lems in hypophyseal-adrenal cortical physiology. 

The major emphasis in this presentation has been placed upon 
ACTH and its target organ, the adrenal cortex. While striking ad- 
vances have been made in our knowledge of this endocrine mechanism, 
relatively little further information has accrued in relation to the other 
adenohypophyseal principles. The growth hormone, or somatotropin, 
has been prepared in crystalline form. Although this hormone produces 
a variety of physiological responses in experimental animals, it has ex- 
hibited little, if any, potency in man. Perhaps the doses employed of 
this hormone, as in the case of the early studies with cortisone in rheu- 
matoid arthritis, must be unexpectedly large in order to produce evi- 
dence of a response in the human species. Or perhaps in man, the 
anabolic steroids provide possible substitutes for the anabolic effect of 
growth hormone, demonstrable in animals. 

A few deserving comments may be made regarding advances in 
knowledge of the thyrotropic hormone. As a result of clinical studies 
with radioactive iodine, and the animal investigations of Chaikotf and 
his associates," it is now possible to point with some degree of certainty 
to several of the loci of action of thyrotropin. These are its influence on 
the rates of the following reactions: 1) the removal of inorganic iodine 
(iodide) from the circulation by the thyroid gland, 2) the conversion 
of iodine to thyroxine, and 3) the release of hormonal iodine from the 
thyroid gland to the plasma and the peripheral tissues. 

In closing, reference should be made to a relatively recently recog- 
nized and important interplay of thyrotropin and ACTH, and their 
respective target endocrine glands. The initial striking observations 
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were made by Soffer and his colleagues'’ who found that in the normal 
rat, epinephrine may induce hyperplastic changes in the thyroid, and, 
in the adrenalectomized animal, increases the thyroidal uptake of radio- 
active iodine. In the intact rat, epinephrine causes diminished radioactive 
iodine collection, as does cortisone in the adrenalectomized rat. he 
clinical counterparts of these circumstances may be the patient with 
pheochromocytoma, in whom the basal metabolic rate is often elevated 
and the thyroid gland moderately hyperplastic, and the often reduced 
basal metabolic rate of patients with Cushing’s syndrome. It is now 
accepted that an intimate interrelationship exists between the thyroidal 
and adrenal cortical mechanisms and that, depending on circumstances, 
these endocrine systems may have a mutually augmenting or a recipro- 
cally inhibiting action on the level of their secretory activity, 


Cortes 
Rose, tlect of 
adrenalectomy on histamine content of 


Physiol 131: 


1951 


and Browne, J. S. 1. 


tissues of rat, Amer. J. 
589-94, 1941. 
Woodbury, D. M., Cheng, C. P 


G. and Goodman, LL. S. 


Savers, 
Antagonism of 
adrenocorticotrophic hormone and ad 
renal cortical extract to desoxyeorti 
costerone; electrolytes and electroshock 
threshold, Physiol, 1602217 


27, 1950 


Amer. J 


Adlersberg, D.. Schaefer, and Drach 


man, S. R. Development of hypercholes 


teremia during cortisone and ACTH 
therapy, J. Amer, med. Assoc, 144/909 
1h, 1950, 

Dobriner, Adrenal function and 


steroid excretion in disease, Symposium 
on Steroids in Eaeperimental § Clinical 
7 30-50, 1951. 

Chaikoff, LL. and 


on the formation of organically-bound 


Practice 
Taurog, A. Studies 
iodine compounds in the thyroid gland 


and their appearance plasma as 
shown by the use of radioactive iodine, 
Ann. N. Acad, Sei, 1949. 
Soffer, J. 


glands, 2. ed. 


Diseases of the endocrine 
Philadelphia, Lea & Feb 
iger, 1951. 


— ‘ 
= § 
1. 
9. 
| | 
5 
12. 
hi. . 
1:3. 
It. 
s 
. 


rea BULLETIN 


PHeE REGULATION OF WATER 
EXCRETION BY THE 
NEUCROHYPOPHYSIS* 


Hl. B. van Dyke 


College of Physicians and Surgeons, Columbia University 


ue first experiments on the endocrine functions of the 

posterior pituitary were performed more than a_ half 

century ago by Oliver and Schafer.’ They described 

the marked vasopressor response to pituitary extracts 

252525 which owed their effects to the posterior-lobe tssue. 


There was considerable confusion for a number of years with respect 


to the renal effects of pe sterior-pituitary extract owing to the restriction 


of experiments to intravenous injection of large doses of extract inte 
anesthetized animals. The first clue concerning the characteristic and 
specific renal effect of posterior-pituitary extract was given by the 
clinical experiments of von den Velden’ and of Farini® who both re- 
ported in 1913 that posterior-pituitary extracts can markedly inhibit 
diuresis. These observations were made on patients with diabetes in- 
sipidus. A host of later investigators studied the neurohypophysial con- 
trol of water metabolism both in animals and in man. Our debt 1s par- 
ticularly great to Ranson and his colleagues working in Chicago and 
to Verney working both in London and Cambridge. The best docu- 
mented evidence that the posterior pituitary is an important gland of 
internal secretion is based upon its control of the renal excretion of 
water and it ts this topic which will be discussed in this lecture. (A 
second important endocrine function of the gland is to cause milk-ejec- 
tion in the lactating mammary gland, It is probable that without milk 
ejection the nursing young cannot secure adequate supplies of milk. 
The endocrine importance of the neurohypophysis in labor has not 


been established. ) 
ANATOMICAL Asprers 


The posterior pituitary is only one part of a unit which should be 


* Presented at th th tsraduate Fortmeht of The New York Academy of Medicine, October 6, 19 
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Fig. | Diagram of the hypothalamus and pituitary body of the cat (from 
Fisher, Ingram and Ranson Diabetes insipidus, 19384 Reprinted by periitission). 
Diabetes insipidus follows a lesion placed in the shaded circular area caudal to 
the optic chiasm 


designated the neurohypophysis.!- The neurohypophysis consists of cer- 
tain hypothalamic nuclei, their axons which traverse the stalk: and the 
neural or posterior lobe of the pituitary in which the axons end (Figure 

The stalk is sometimes called the infundibulum and the neural lobe, 
the infundibular process. The most important hypothalamic nuclei are 
the paired supraoptic nuclei; less important are the paraventricular nuc- 


lei and perhaps other groups of neurons which also supply axons to 


the stalk. These neurons are highly vascularized and differ morphologi- 
cally from most normal neurons of the cerebrum, for example, they 
resemble neurons in which chromatolysis 1s progressing after section 
of their axons. Since about 1930, F. Scharrer and his colleagues have 
made many studies of the neurons of the supraoptic and related nuclei 
in a number of vertebrates; secretory granules peculiar to these neurons 
are characteristically present. In a recent communication Bargmann and 
Scharrer’ recorded their belief that the secretory granules formed in 
the cells of supraoptic nuclei are transported in their axons in the stalk 
to the posterior pituitary where they are stored as the characteristic 
secretion of this lobe. Their illustration of neurosecretory granules in 
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Fig. 2-- Examples of neurosecretory cells in (A) the nucleus preopticus of the toad 
(Bufo americanus) and (B) the nucleus paraventricularis of the monkey (Cebus 
capucinus)., (From Bargmann and Scharrer, in American Scientist $9 7255-59, 1951. 
Reprinted by permission). 


cells of similar nuclei is reproduced in Figure 2. These nuclei contain 
more than 100,000 cells from which a corresponding number of axons 
sweep down the stalk to end in the neural lobe. The experiments 
of Ranson and his colleagues demonstrated that diabetes insipidus could 
occur if there was an interruption of the tracts connecting the supra- 
optuc and paraventricular nuclei with the neural lobe of the pituitary. 
If such an interruption is completed surgically the supraoptic neurons 
undergo degeneration, the posterior pituitary becomes atrophic and the 
syndrome of diabetes insipidus appears. 


PHYSIOLOGICAL COoNSIDEKATIONS 


Although Magnus and Schafer" believed on the basis of their acute 
experiments in anesthetized animals that posterior-pituitary extracts are 
diuretic, the reverse was shown to be the case by von den Velden* and 
Farini* who injected extract into unanesthetized men with diabetes 
insipidus. Subsequent work has shown that the characteristic effect of 
extract is to inhibit water diuresis. This is accomplished by increasing 
the reabsorption of water by the kidney. Neurohypophysial secretion 


is the important hormonal means by which water is conserved in the 


e 
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body and this hormone must be available if a mammal such as man has 


to excrete concentrated urine. H. WW. Smith’ has championed the view 
that the action of antidiuretic hormone is on the distal tubule. He points 
out that the tubular reabsorption of the water of the glomerular filtrate 
normally occurs by a passive or “obligatory” mechanism in the proxi- 
mal tubule with respect to 85 to go per cent of the total volume filtered. 
The remaining 10 to 15 per cent is actively or “facultatively” reab- 
sorbed in the distal tubule according to this view. Thus if there were a 
complete failure in the secretion of antidiuretic hormone the theoretical 
maximum diuresis could amount to to to 15 per cent of the total 
glomerular filtrate. A diuresis of this magnitude is rarely seen even in 
severe cases of diabetes insipidus; on the other hand, it is doubtful 
whether a complete deficiency of the secretion of the hormone ever 
occurs either in clinical diabetes insipidus or in its experimental counter- 
part. 

The essential feature of the action of antidiuretic hormone is to in- 
crease the rate of reabsorption of water by the kidney. Much has been 
written concerning the effect of the hormone on electrolyte excretion. 
Although striking increases in electrolyte excretion may occur while 
the hormone is exerting an antidiuretic effect, an increased excretion 
of chloride and sodium (and potassium) is not necessarily present, 
especially after doses in the physiological range. The effects of the 
hormone on electrolyte excretion probably depend upon a number of 
factors such as the electrolyte stores of the body, the electrolyte in the 
diet, the rate of secretion of adrenal cortical steroids, etc. 

What is the nature of the antidiuretic hormone? It is a stored prod- 
uct which some believe is secreted by the supraoptic neurons from 
which it has been transported to the posterior lobe by way of the con- 
necting axons of the stalk. In respect of the storage of its hormones, 
the neurohypophysis has more resemblance to the thyroid and adrenal 
medulla than to the adrenal cortex in which there is very little storage 
of hormones. The adult human posterior pituitary contains about 15,000 
milli-units (m.u.) of antidiuretic hormone.” The amount required by 
a man for the normal control of the renal excretion of water appears 
to range between 7.5 and less than 50 m.u. per hour.” ‘The amount which 
can be detected is exceedingly small: for example, by intravenous in- 
jection, a detectable effect on the urinary excretion of water in man 


can be obtained by 0.5 to 2 m.u.’" The most potent preparation of 
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anudiuretic principle is that which Turner, Pierce and du Vigneaud 
extracted."' This polypeptide containing only 8 amino acids had a 
potency of at least 600,000 m.u. per milligram in some preparations. 
The great potency of this preparation can be appreciated from the 
fact that a dose which will produce a definite antidiuresis in man is only 
1/300,000th of a milligram or less. 

The control of the release of antidiuretic hormone is complex. The 
important supraoptic nuclei and the less important paravencricular 
nuclei have many possible connections with cortical and subcortical 
levels for the facilitation or inhibition of liberation of the hormone. 
I.xamples of the nervous control of the release of hormone are furnished 
by a number of observations. Claude Bernard was perhaps the first to 
note that emotion may interfere with diuresis. Later experiments, 
especially those of Verney and his colleagues, have demonstrated that 
noise or painful stimuli can cause the liberation of antidiuretic hormone 
from the neurohypophysis.'* '* These experiments were performed in 
dogs; it appears probable that many other mammals including man like- 
wise have a very labile nervous mechanism for the release of antidiuretic 
hormone.'* Another example is furnished by the experiments of Ames 
and van Dyke" in the rat in which a painful stimulus such as heart 
puncture is accompanied by the release of considerable amounts of 
antidiuretic hormone into the blood. Ether anesthesia produced a similar 
effect. Some of their results are illustrated in Figure 3. 

Many experiments have been performed to demonstrate the import- 
ance of water in regulating the release of antidiuretic hormone. Prob- 
ably water diuresis can be considered a form of mild diabetes insipidus 
since the effect of water is to reduce the rate of release of the hormone. 
On the other hand if an inadequate amount of water is available to the 
organism the hormone ts then liberated at an increased rate. Gilman and 
C;oodman were able to detect the hormone in the urine of dehydrated 


rats.'" Verney'’ carried out many experiments in dogs to establish the 
importance of water in regulating the liberation of hormone, for ex- 
ample, an increase of only 2 per cent in the osmotic pressure of the 
carotid blood on one side is sufficient to cause a measurable increase 
in the rate of liberation of antidiuretic hormone. Verney suggests that 
specific receptors, identified morphologically as vesicles in the hypo- 
thalamus, act as osmometers and thus initiate the liberation, of anti- 


. . - 
diuretic hormone when the osmotic pressure of the plasma rises. Re- 
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Fig. 3 Levels of antidiuretic hormone in the blood of Long-Evans laboratory 
rats (normal and adrenalectomized) and in kangaroo rats (Dipodomys mer 


reame) 
rhe levels are low or very low if blood was obtained by sudden decapitation 
without excitement. After heart puncture or ether anesthesia (pain or excite 
ment), high levels were found. Ethyl alcohol inhibited the release of hormone 
The kangaroo rat is a desert rodent which normally has no access to water 
and exeretes very concentrated urine. Its neurohypophysis can release com 
paratively large amounts of hormone. (From data of Ames and van Dyke.”) 


cently, stress has been placed on the importance of the volume of the 
extracellular fluid as another factor influencing the rate of liberation of 
the antidiuretic hormone.'* Expansion of the volume of plasma or total 
extracellular fluid is believed to lead to a decreased liberation of the 
hormone whereas contraction ts considered to have the opposite effect. 

Hormones and drugs also either increase or diminish the rate of 
liberation of the antidiuretic hormone. Acetylcholine causes an in- 
creased liberation of the hormone and this effect can be demonstrated 
by the injection of minute amounts of this base near the supraoptic 
neurons. Epinephrine can transiently interfere with the hormone’s 


liberation; larger amounts cause an increase in the rate of liberation. 
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The exact mechanism by which epinephrine and its related amine, 
norepinephrine, facilitate a liberation of the hormone 1s still under dis- 
cussion. Many drugs cause antidiuresis in normal animals but produce 
this effect either not at all or much less strikingly in animals with 
diabetes insipidus. These facts strongly suggest that they cause the 
liberation of antidiuretic hormone in normal animals. To this group of 
drugs belong ether, phenobarbital, morphine, dimercaprol, yohim- 
bine, nicotine and 3-hydroxy-2-phenyl cinchoninic acid and _ related 
compounds, The hepatic vasodepressor substance (WDM), identified 
as ferritin, likewise causes the release of antidiuretic hormone.'’ An 
example of a drug which has the opposite effect, an interference with 
the release of the hormone, is ethyl alcohol. 

We shall later see that knowledge of all these facts has been applied 
in detecting diabetes insipidus; for example, the presence of a function- 
ing neurohypophysis may be established by the excretion of hypertonic 
urine after dehydration or by the appearance of antidiuresis after the 
administration of a drug like nicotine. 


CONSIDERATIONS 


Deficiency of antidiuretic hormone: lf the amount of hormone 
secreted is inadequate, varying degrees of polyuria characterized by 
large amounts of urine of low specific gravity appear. In true diabetes 
insipidus the polyuria is primary; the associated polydipsia serves to 
keep the organism in water balance. The differential diagnosis of 
diabetes insipidus from disorders such as hysterical polydipsia has 
usually been accomplished either by raising the osmotic pressure of the 
body fluids or by the injection of drugs. For the first method Hickey 
and Hare*® advocated the intravenous injection of 2.5 per cent sodium 
chloride to ascertain whether or not an inhibition of water diuresis 
would occur in the subject. Other clinicians prefer a simple prolonged 
dehydration to determine whether there is an associated liberation of 
antidiuretic hormone as demonstrated by an acceptable increase in the 
specific gravity of the urine (e.g., 1.024 or higher). Nicotine intra- 
venously has also been used to detect neurohypophysial secretion. 


Cates and Garrod*! as well as Lewis and Chalmers*? could show that 


moderate doses of nicotine cause no antidiuresis in the majority of 
patients with true diabetes insipidus whereas the alkaloid has such an 
effect in normal subjects (See Figure 4). As is well known, the therapy 
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Fig. + The effects of intravenous nicotine in smokers and non-smokers with and 
without diabetes insipidus (from Cates and Garrod® in Clinical Science 10:145-60, 
1951. Reprinted by permission). Note the antidiuretic effect of nicotine in normal 
subjects and its absence in the majority of the patients (except cases 9 and 10) 
with diabetes insipidus. In later experiments antidiuresis after large doses of 


nicotine could be demonstrated in all the cases except case 6 and possibly case 12 


ot diabetes insipidus requires the administration of posterior-pituitary 
extract rich in antidiuretic principle. 

Hypersecretion of antidiuretic hormone: Wypersecretion of ant- 
diuretic hormone for prolonged periods because of disease has not been 
convincingly demonstrated. The evidence favoring the view that hyper- 
secretion occurs in cirrhosis with ascites, in adrenal insufficiency, in 
toxemias of pregnancy as well as in a number of other diseases is based 
upon the presumed recognition of excessive amounts of antidiuretic 
hormone in the urine or blood of patients. Usually the assays have been 
performed by subcutaneous or intraperitoneal injection in hydrated 
normal rats. This is not a specific test for antidiuretic hormone. A much 


im 
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more satisfactory test which can be adequately controlled is the pro- 
duction of transient antidiuresis after the intravenous injection of the 
test material in hydrated normal dogs or dogs with diabetes insipidus. 
In one study in which this method of assay was used to examine the 
urine of patients with cirrhosis of the liver, the urinary tter of anti- 
diuretic hormone was only slightly higher in the ascitic patients com- 
pared with those clinically free from ascites.” 


SUMMARY 


The neurohypophysis, consisting of the supraoptic and paraventri- 
cular nuclei, their axons and the posterior lobe of the pituitary in which 
these axons terminate, is an endocrine unit of great importance for the 
regulation of the excretion of water. The antidiuretic hormone, a secre- 
tion of this unit, is almost entirely stored in the posterior lobe. It favors 
water conservation by causing an increased reabsorption of water by 
the kidneys. A deficiency of the hormone’s secretion causes a pro- 
nounced renal loss of water as in diabetes insipidus; compensation 1s 
achieved by polydipsia. 

Transient liberation of antidiuretic hormone can be provoked by 
pain or excitement, dehydration, large doses of electrolyte (NaCl) and 
by drugs. Although it has been asserted that prolonged hypersecretion 
of the hormone probably occurs in certain diseases, acceptable evidence 
in favor of this hypothesis has not been furnished. 
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. 1776 a French surgeon named Pillore successfully pro- 
duced a cecostomy to decompress a complete intestinal 
| obstruction due to cancer of the rectum. This was per- 

haps the earliest known definite attempt to manage a 

G 4 large bowel lesion by surgical methods. Since that time 
the colonic surgeon has fallen heir to many varied problems, the incre- 
ment being explained in part by the improved techniques in surgery 
and anesthesia. It is our purpose in this paper to review our experience 
in the management of some of the large bowel lesions encountered in 
the Department of Proctology at the Temple University Hospital. 


CARCINOMA 


In order to select the best therapeutic measure for treating malignan- 
cies of the anal canal, rectum and colon, it is necessary to comprehend 
fully the methods of dissemination. The first mode of spread is by 
contiguous extension which, in our experience and, as demonstrated 
by Sugarbaker' and others, usually lends itself to radical resection. The 
second is vascular invasion. This has been shown to occur with tumors 
varying widely in size and degrees of invasiveness, and may only be 
controlled by early surgery. The third and most common method of 
spread occurs via the lymph system where, fortunately, more radical 
extirpation of the vulnerable lymph nodes and channels appears to offer 
a good chance for cure. Thorough knowledge of the lymphatic drain- 
age of the pelvis and perineum is axiomatic if the correct surgical proce- 
dure is to be selected. 

There are three lymph pathways by which tumor cells may travel: 
the superior, the lateral, and the inferior. The superior pathway follows 
the superior hemorrhoidal vessels, the lateral traverses the lateral rectal 
ligaments along the middle hemorrhoidal vessels to join the hypogastric 


* Read before the Section on Surgery of The New York Academy of Medicine, December 7, 1951. 
Received for publication, May, 1952 
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system, while the inferior drains to the inguinal nodes. Gilchrist and 
David,’ Sauer,’ and others have shown that all lesions of the rectum 
regardless of location, spread upward along the superior drainage sys- 
tem. [he lateral mode of spread occurs with lesions from the anorectal 
line to Kohlrauch’s plica, the latter being located an average of 7 centi- 
meters above the anal verge. It has been demonstrated previously’ that 
a dye injected into the rectal mucosa above the 7 centimeter level 
spreads superiorly and rarely in a retrograde or lateral manner, but 
that the dye injected below this level as far as the anal canal will travel 
along both the superior and lateral routes. Lesions below the midrectum 
(Kohlrauch’s plica) but above the anal canal, also rarely metastasize in 
a retrograde fashion. Thus, tumors of the distal three centimeters of 
the rectum and the anal canal are the only lesions which not uncom- 
monly spread through the inferior drainage system to the groin. As a 
result we feel that all cancerous lesions below the midrectum should 
be removed by an abdominoperineal excision of the extended Miles 
type, care being taken to dissect the pelvis w idely in a lateral direction, 
and to include an abdominopelvic node dissection. For squamous cell 
carcinomas of the anus a bilateral inguinal node dissection 1s performed 
on or about the tenth postoperative day. As tumors above the 7 cenu- 
meter level do nét tend to spread laterally, it has been our policy in 
lesions from this level to the sigmoid to perform an abdominoperineal 
proctosigmoidectomy w'th preservation of the sphincters. We realize 
that low anterior resections with end to end anastomosis are technically 
possible as low as the levator ani attachments but because of insufficient 
radicability and a high incidence of local recurrence, we feel this proce- 
dure 1s ill chosen for cure. For lesions above the low sigmoid we believe 
that an anterior resection with immediate end to end anastomosis is ideal 
provided all the lymph node bearing tissue can be removed widely. 
Malignancies of the transverse and descending colons are treated in a 
similar manner; right colon tumors are extirpated by means of a right 
hemicolectomy and illotransversostomy. 

Selection of the specific operation to be performed is not often 
influenced by either the grade or the type of malignancy encountered. 


As many lymph nodes as possible should be removed whether the 


carcinoma is a grade 1 or grade 4. It is well, however, to realize that 
mucoid adenocarcinoma, which tends to grow to a large size before 


metastasizing distantly exhibits a high local recurrence rate. Thus, extra 
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Tame L MALIGNANCY OF THE ANAL CANAL, RECTUM AND COLON 
(September 194) - October 1952)* 


Number of cases 1260 

Number of resections 1003 
Resectability rate 
Mortality from resections 4.7% 


RADICAL RESECTION FOR MALIGNANCY 


Mor 

Number Deaths tality 

\. Colonic resection; ascending, transverse, descending Ww 3 7.5% 
Sigmoidectomy 165 6.0% 
C. Abdominoperineal excision 254 Ss 3.1% 


Included: 6 complete pelvic exenterations with 1 
death; 47° abdominopelvic lymph node 
dissections with no deaths 


D. Abdominoperineal proctosigmoidectonmy 34s 26 


Included: 15 hemicolectomies with | death 


Not included: 43 cases of transcolonie polypectomy 
Included in B,C, and D are 96 ligations of inferior mesenteric artery 


* All Tables have been corrected to October 1952 


care should be taken to excise this type of tumor widely. Villous papil- 
lomas, in the past often considered entirely benign, may be malignant 
and should be biopsied in several sites. Radical extirpation should be 
instituted even in the presence of benign histopathology because of 
their malignant potentialities and their proneness to recur. A_ better 
prognosis may be expected with this type of growth because of its 
intraluminal method of growth and frequent lack of invasion. 

We have been performing aortic ligations of the inferior mesenteric 
artery almost routinely in an attempt to remove the most proximal 
lymph nodes. This means sacrificing the left colic vessels and relying 
upon the constant marginal artery of Drummond. A recent investiga- 
tion by Ault et al to evaluate these high ligations cited three such 
cases where the point of ligation was at the origin of the inferior 
mesenteric artery. Our own experience includes seventy-one similar 
ligations at the aorta without a single complication. Deddish" likewise 
has contributed substantially to the literature concerning his procedure. 

Operative procedures such as the Block-Mikulicz-Paul, the Lock- 
hart-\lummery, and the Hartmann, to name a few, are utilized in only 
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an occasional case. As can be noted in Table [, the majority of our 
cases have been treated by abdominoperineal proctosigmoidectomy , 
and of all our resected cases only 24.7 per cent have received a perma- 
nent colostomy. 

Our resectability rate of 93.4 per cent is based on those cases sub- 
mitted to surgery and not on the total number of cases under care. 
Our five year survival rate following proctosigmoidectomy with preser- 
vation of sphincters is 58.4 per cent whereas our incidence of local 
recurrence is 17.9 per cent. Babcock recently reported a ten year cure 
rate of 47 per cent using this procedure. 

It is our opinion that any malignancy of the distal bowel should be 
completely removed if there are no striking contraindications. ‘The 
presence of liver metastases under 60 per cent, involved aortic nodes, 
and small peritoneal implants are not considered contraindicative. As 
a result, our resectability rate has risen, Concomitantly, more radical 
surgery has been undertaken and we no longer hesitate to remove an 
adjacent organ fixed by contiguous spread as shown in Table IL. 

It is unusual to perform these extended resections without leaving 
an abdominal colostomy, but we have resected small bowel, cecum, 
and genital organs by the “pull through” technique. We do not remove 
the bladder and transplant the ureters in palliative resections, and if a 
total cystectomy is performed, we elect to utlize bilateral cutaneous 
ureterostomics rather than give the patient a troublesome, wet perma- 
nent colostomy. 


AbENoMAtTOUS PoLyps 


Bemgn polypoid lesions of the large intestine have resisted classifica- 
tion for years. The terms polyp, adenoma, and villous papilloma have 
been used so interchangeably that much confusion has become mani- 
fest. Dukes’ offered a satisfactory classification based entirely on etiol- 
ogy, which we feel 1s quite adequate. A papilloma is a simple over- 
growth and proliferation of an area of surface epithelium which, as it 
grows, projects into the bowel lumen in a finger-lke manner. The 
lesion may spread laterally or grow intraluminally ina papillary fashion, 
These tumors are soft, friable and may have a long pedicle due in part 
to the suction effect of peristalsis. They may become malignant in 
due time. 


A true adenoma is described by Dukes as a cellular proliferation 
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Tame IL-MALIGNANCY OF ANAL, CANAL, RECTUM, COLON 
EXTENDED RESECTIONS FOR CANCER OF THE RECTUM WITH: 
(October 1952) 


= = 


Number Mortality 


Cystectomy, excision prostate, seminal vesicles, urethra, veins, 

lymph nodes, transplantation ureters into skin 3 l 
Cystectomy with prostatectomy, excision seminal vesicles, ure- 

thra, veins, lymph nodes, transplantation ureters to colon l I 
Cystectomy with panhysterectomy, vaginectomy, and excision 


of veins, lymph nodes, transplantation ureters to skin 2 0 
Cystectomy, vaginectomy, transplantation ureters to skin l 0 
Cystectomy (partial) with right ureterectomy l 0 
Cystectomy (partial) 0 
Ureterectomy; bilateral, subtotal with panhysterectomy and 

transplantation ureter to colon, other retransplanted to 

bladder 0 
Ureterectomy (left) and hemicolectomy I i 
Ureterectomy (partial) 0 
Prostatectomy (complete or partial), excision seminal vesicles, 

and partial excision urethra 7 1 
Prostatectomy (complete or partial) with excision of seminal 

vesicles 14 0 
Sacrum, subtotal excision with coceygectomy, prostatectomy, 

and excision seminal vesicles 3 0 
Panhysterectomy with excision adnexa, and posterior vaginal 

excision 12 0 
Panhysterectomy including adnexa 26 0 
Bilateral salpingoophorectomy 17 0 
Vaginectomy, partial with wide excision posterior vaginal ex 

cision 1 0 
Inguinal node dissection, bilateral, following extirpation of the 

uterus, adnexa, posterior vaginal wall i 0 
Inguinal node dissection, bilateral, following partial prostatec- 

tomy, excision of urethra, and seminal vesicles l 0 
Bilateral inguinal node dissection 5 0 
Intestine: ileum (subtotal) and cecum 6 0 
Intestine, small, partial resections 17 0 


Abdominal wall, anterior partial resection 


Total 


Total Perce ntage 2.006% 


of epithelium deep in a crypt of Leiberkuhn. Growth is of necessity 
into the submucosa where a small nodule forms. This increases in size 
until the overlying bulging surface epithelium is projected into the 
lumen of the bowel, this being the line of least resistance. Peristalsis in 
time causes these lesions to be pedunculated, but for the most part 
they remain as varied sized, sessile, firm lesions. Many feel as we do, 
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that these true adenomata tend to become malignant even more quickly 
than the above mentioned papillomas. It follows that removal of all 
adenomatous polyps of the large bowel is a necessary step in cancer 
prevention. 

For categorical reasons it is most efficacious to group all these lesions 
together. Most of these growths occur singly, but they may be muluple. 
Fortunately, the majority are found in the rectum within easy reach 
of the sigmoidoscope where they can quickly be destroyed by fulgura- 
tion or by the electric snare. Whenever possible, the entre polyp 
should be sent to the laboratory for evaluation. If malignancy is found, 
a radical, operative procedure should be instituted, the selection of 
which depends on the location of the lesion. We heartily disagree with 
those who undertake fulguration or local removal of malignant ade- 
nomas of the rectum. However, if the tumor has a fairly long pedicle 
and evidences no invasion of the lamina propria on serial microscopy, 
local extirpation may be sufficient. Should there be cellular invasion 
into the submucosa, radical surgical extirpation is indicated. 

Our special interest in adenomatous polyps lies in those growths 
located above the peritoneal reflection, where we choose to perform 
a transabdominal removal of the process. At operation if the polypoid 
tumor is suspiciously carcinoma, a frozen section is obtained, although 
frequently we rely on clinical judgment and perform an anterior re- 
section, Those lesions which histologically show more than “cellular 
atypism” are treated by radical excision. 

From 1940 to 1949, 50.9 per cent of our fifty-three cases of colonic 
polyps showed carcinomatous change. Since that date we have utilized 
a more radical approach and the percentage has fallen to 38.0 per cent 
with the addition of forty-three more cases as may be noted in 
Table IL. 

Dissennnated Adenomatosis: Everyone is quite cognizant of the 
syndrome of familial polyposis and all agree that early colectomy with 
or without removal of the rectum ts the treatment of choice. In our 
experience total colectomy followed by perineal excision of the remain- 
ing segment is the procedure to be instituted, as can be noted in 
Table IV. 

It is apparent that malignancy is prone to develop if the condition 
is permitted to remain untreated. In our series of thirty males and eleven 
females, 75 per cent exhibited cancer. Over the age of fifty years, 
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Pane TL COLONIC ADENOMATOUS POLYPS 
Location in LOL patients (1940 - October 1952) 


Ascending colon 
Transverse colon 
Descending colon 


Sigmoid colon 


Total 


PRANSCOLONIC POLYPECTOMY 


Number Number Deaths 
of showing from 
Patients Malignancy Percent Ope ration Mor tality 


\. to 1949 53 27 3.7% 
1949 to 1952 : 


lol 38.00, 
Cause of death in both cases pulmonary embolism 
Group of patients’ histopathology: 

adenoma malignum 


carcinoma in situ 


benign papillary adenoma 


94.4 per cent of our patients had evidenced malignant change, as shown 


in Table V. 
Curonic Uncerarive Conrris 


It has been our contention that this regrettable disease in its severe 
forms can be cured only by surgical extirpation, although it is realized 
that closely supervised medical management may control or palliate 
the condition temporarily, Our experience with this disease encompasses 
298 patients of whom sixty-six or 22.1 per cent have come to surgery. 
‘This compares favorably with the operative statistics of others. 

In the acute, fulminating case of ulcerative colitis a closely super- 
vised medical regimen should be instituted. If the patient does not 
respond or becomes worse, a simple, loop ileostomy under local anes- 
thesia should be performed. In treating the moribund patient we concur 
with Cave’ and Cartell® that even the performance of an ileostomy 


nay prove fatal, and therefore, we choose to treat these patients 


utlizing massive whole blood infusions until surgery may be insti- 
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Paste ADENOMATOSIS 


(september 1940 to October 1952) \uthors’ Series 


Colectomy total or subtotal 37 
Fulguration rectum only (Case #1) l 
Operation not advised (Case #30) 1 
Operation refused 


Mortality from resection 


V DISSEMINATED ADENOMATOSIS 
(September 1940 to October 1952) \uthors’ Series 


Case No lue Maliqnancy 
l M Benign 
2 Benign 
3 15 F Malig. 
+ 15 M Benign 
5 M Matlig 
6 24 M Benign 
7 24 M Benign 
8 24 M Malig 
9 28 M Malig 
10 29 M Malig | Incidence Under 
11 29 M Malig > 50 vears of age 
12 20 M Benign 50% 
13 31 M Benign | 
14 32 M Malig | 
15 33 Benign 
16 M Malig 
17 35 M Malig 
Is Malig | 
19 it M Malig } 
20 Matlig 
21 17 M Benign Malignaney 
2: 56 M Malig 
24 6 M Maliy 
25 aM M Malig 
26 5s M Malig 
27 5s M Malig 
28 io M Malig 
29 on M Malig 
30 il Malig Known ' 
32 M Malig 50 vears of age 
33 65 M Malig Ob 
65 M Matlig 
35 7 Malig | 


I 

Malig 
38 75 M 
39 7s Fr Malig. 
Malig 
41 Benign 


tales T3.1G 
Il females 26.96 


42 THE BULLETIN 


VI-CHRONIC ULCERATIVE COLITIS 


(September 1940 to October 1952) — Authors’ Series 
Number of cases 298 
Operation in 66 cases 22.1% 
No. Cases Deaths Mortality 
Hleostomy 35 11.4% 
lleosigmoidostomy 3 0.0 
Colectomy Oo 
(Carcinoma 3) 
\bdominoperineal excision 32 
(Carcinoma 2) 
Miscellaneous procedures 24 I 5.0 
126 5 3.9% 


Known incidence of cancer in operative specimens 15.6 


tuted. Most of the acutely ill patients for whom ileostomy alone has 
been performed will respond and the toxemia will abate slowly. A 
complete remission may be achieved. Some patients despite ileostomy 
will show progression of the disease and expire from a general toxic 
state due to the retained, infected portion of large bowel, and therefore 
wherever possible synchronous ileostomy and colectomy are under- 
taken. 

When the patient’s condition following ileostomy has improved 
sufficiently to permit major surgery, a colectomy is performed bringing 
the distal sigmoid segment as a temporary colostomy in the left lower 
quadrant. Subsequently, a third stage operation consisting of the ab- 
dominoperineal removal of the distal segment of bowel is performed. 
No cure is possible if the diseased bowel is permitted to remain and 
the danger of recurrent attacks, hemorrhage, and carcinomatous de- 
generation is always present. The incidence of carcinoma in our oper- 
ative specimens is 15.6 per cent. 

There is a large group of patients with ulcerative colitis who never 
develop desperate exacerbations, but who have intermittent episodes 
of acute reactivation. The indications for operation in these chronic 
cases are the development of persistent sepsis, pericolic abscess, fistulae, 
strictures, polyposis in some cases, anorectal complications and invalid- 
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ism due to arthritis, kidney and liver manifestations. The operative 
procedure consists usually of synchronous ileostomy and colectomy 
followed in approximately six weeks by an abdominoperineal excision 
of the distal bowel segment. In our experience this procedure has proven 
to be quite satisfactory. 

The most significant statistics concerning ulcerative colitis are un- 
doubtedly those dealing with rehabilitation, Excluding two colectomized 
patients convalescing in the hospital, we have succeeded in restoring 
twenty-eight of thirty patients to a normal way of life, an incidence of 
93.3 per cent as noted in Table VIL. 


Dance VIE CHRONIC ULCERATIVE COLITIS REHABILITATION 
(October 1952) 


number colectomies 32 
Number hospital deaths following colectomy a 


Number deaths following hospital discharge 


te 


Number of patients rehabilitated 28 (93.3%) 


INFLAMMATORY RecraL SrRicTUR: 


This condition is most frequently the result of lymphogranuloma 
venereum and the pathology is usually irreversible. The employment 
of the wide spectrum antibiotics has proved of value in combating 
the disease in its active phase, but once the bowel lumen has been seri- 
ously encroached upon, the only treatment is excision, ‘Our surgical 
experience with this condition is presented in Table VILL. 


Dance INFLAMMATORY RECTAL STRICTURE 
(To October 1952) 719 Cases 


Number Death Mortality 
Colostomy and perineal excision 5l l 1.9% 
Abdominoperineal excision (Miles) 5s 0 0.0 
Abdominoperineal proctosigmoidectomy 33 0 00 
Hemicolectomy and proctosigmoidectomy 0 0.0 
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Of 719 cases, ninety-six have undergone major surgery. If the 
anal area reveals abscess formation, fistulae, or esthiomene, the sphinc- 
ters must of necessity be sacrificed. Care must be taken to observe the 
state of the remainder of large bowel as occasionally the entire left 
colon may be diseased and should accordingly be removed. The usual 
stricture is located in the rectum and is often unassociated with anal 
pathology. These are best excised by abdominoperineal proctosigmot- 


dectomy with preservation of the sphincters. 


SUMMARY 


1. The extended abdominoperineal excision of the Miles type with 
aoruc ligation of the inferior mesenteric artery is the procedure of 
choice for curability in treating cancer of the low rectum and anal 
canal. 

2. Cancers of the midrectum upwards to the sigmoid colon lend 
themselves well to abdominoperineal proctosigmoidectomy with preser- 
vation of the sphincters, a procedure no less radical for such growths 
than the extended Miles operation with abdominal colostomy. This 
operation permits considerably more radicability and greater curability 
than anterior resection. 

3. Adenomatous polyps must be excised or destroyed because of 
their carcinomatous potentialities. When polyps are disseminated 
throughout the bowel, complete colectomy is indicated. 

4. For severe chronic ulcerative colitis there has been no approach 
equal to surgery insofar as cure is concerned. Colectomy is the proce- 
dure of choice. Synchronous colectomy and ileostomy result in faster 
improvement and recovery than does ileostomy alone. 

5. Inflammatory rectal stricture should be treated by surgical ex- 
cision of the involved bowel. In lymphogranuloma venereum the wide 
spectrum antibiotics serve to destroy the infectious agent but bowel 
strictures once formed seem to progress uninhibitedly. To preserve the 
continuity of the bowel, proctosigmoidectomy with preservation of 
the sphincters is the procedure of choice. 
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THE CERVICAL DISC SYNDROME: 
DIFFERENTIAL DIAGNOSIS AND 
MANAGEMENT BASED ON 
rWENTY-SIX OPERATED CASES* 


LawreENCE Poot 


Director of the Service of Neurological Surgery, 
Neurological Institute, Presbyterian Hospital of New York 


GseseseseseseSain in the neck radiating down the arm is a characteristic 

symptom of a cervical dise lesion. Pain in the scapular 

P region, and sensory or motor disturbances in the affected 

upper extremity are also common indications of nerve 

o 4 root involvement due to intervertebral disc pathology, 
while in some cases there may be signs of spinal cord involvement. 

The intervertebral disc is composed of two principle parts: a resilient 
pulpy fibro-cartilaginous core called the nucleus pulposus and a tough 
fibrous ring that contains the nucleus pulposus and also serves to bind 
adjacent vertebrae together, the annulus fibrosus. If the latter is weak- 
ened by trauma or degeneration the nucleus pulposus may protrude 
into the spinal canal, or actually herniate through a tear m the annulus 
(Fig. 1). Strictly speaking the latter condition represents herniation of 
the nucleus pulposus, while the former constitutes simple protrusion 
of the dise as a whole. As the result of trauma or degeneration the nuc- 
leus pulposus may become detached from the annulus, lose its normally 
firm consistency and eventually become fragmented or desiccated and 
compressed into a flat amorphous fibro-cartilaginous remnant, with or 
without protrusion into the spinal canal. If protrusion 1s long-standing 
the disc material generally becomes hard and incorporated into adjacent 
hypertrophic bone. 

Evidence of local hypertrophic osteoarthritis almost invariably ac- 
companies long-standing dise disease’ either as the result of the initial 
precipitating trauma or because of mechanical, circulatory or metabolic 
changes. Hypertrophic bone may contribute to the formation of a 
transverse ventral ridge over the affected intervertebral space and thus 
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Fig. |. Diagram indicating at upper left: normal relation of annulus fibrosus, 
nucleus pulposus, spinal cord and intervertebral foramen. Lower left: herniated nucleus 
pulposus (HINP), indented spinal cord and compressed nerve root. Upper right: local 
hypertrophic osteoarthritic changes associated with chronic degenerative disc disease. 
Note thinning of disc, with collapse of interspace, narrow foramen with nerve root 
compression, and indentation of spinal cord, 


impinge upon the spinal cord,* or lead to spur formation near or within 
the intervertebral foramina and thus cause nerve root compression and 
degeneration.” 

The intervertebral foramina may also become reduced in diameter 
when adjacent vertebrae become closely approximated as the result of 
dise thinning due to protrusion or degenerative changes (Fig. 1). 

As the result of cervical dise pathology, adjacent nerve roots may 
also become constricted by fibrosis within theic dural sleeve in the 
intervertebral foramina, as described by Frykholm.' 

Degenerative changes of the nucleus pulposus may occur as a late 
result of trauma, or due to the circulatory or metabolic deficiencies 
of age. The fact that the nourishment of the dise is relatively poor, 
being derived after the third decade largely by diffusion through the 
hyalin cartilage covering the opposing surfaces of each vertebra,” plus 
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the fact that with increasing age the nucleus pulposus normally tends 


to become progressively more desiccated" and fibrotic,’ are undoubtedly 
significant factors in its suscepubility to thinning and fragmentation, 
with or without trauma. 

Cervical trauma capable of producing disc pathology is usually 
characterized by a sharp coinpressive blow transmitted to the head and 
thence to the neck by striking the head forcibly against the windshield 
of a car in an accident or against a cellar door, etc. A torsion type of 
impact as in boxing may initiate disc trauma, and serious dise protrusion 
or herniation of a nucleus pulposus may accompany a cervical com- 
pression fracture.* Generally, however, the full-blown picture of dise 
protrusion or nucleus pulposus herniation does not become apparent 
until some weeks, months or even years after an accident. 

Ipisodes of pain and stiffness of the neck usually indicate some 
degree of dise pathology during the interval between the iniual trauma 
and the time of irreducible herniation of the nucleus pulposus or onset 
of serious nerve root and spinal cord compression. 

It is apparent that several types of disc pathology may occur and 
cause nerve root or spinal cord involvement: 

1. Acute traumatic herniation of the nucleus pulposus (occasionally 
associated with a compression fracture ). 

2. Acute traumatic prolapse of the disc as a whole. 

3. Delayed post-traumatic herniation of the nucleus pulposus as 
the result of detachment and/or post-traumatic degeneration or frag- 
mentation. 

4. Delayed post-traumatic prolapse of the disc as a whole with 
weakening of the annulus fibrosus. 

5s. Non-traumatic degenerative disease of the nucleus pulposus 
and or annulus fibrosus eventuating in herniation of the nucleus or disc 
prolapse. 

6. Narrowing of the intervertebral foramina due to vertebral ap- 
proximation that may follow disc thinning. 

>. Partial obliteration of intervertebral foramina, or spinal cord 
compression, as the result of local hypertrophic osteoarthritic changes 
associated with disc disease (or as the result of generalized hypertrophic 
osteoarthritis of the spine). 

Cervical disc lesions in the author's experience are most frequent at 
C 5-6 and next in order of frequency at C 6-7, C 4-5, C-7/T-1, and 
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C 3-4. Herniation of the nucleus pulposus is more apt to be unilateral 


than bilateral or in the midline, and generally occurs at only one inter- 
space, although two or more levels are sometimes involved. Protrusion 
of the disc as a whole is more apt to be midline or transverse than con- 
fined to one side of the spinal canal. 

Symptomatology is remarkably constant for a disc lesion at a given 
level but will obviously vary according to the location of the lesion 
or lesions and their nature and extent. A systematic history 1s essential 
and should help determine whether or not a malignant or infectious 
process is present, and whether remote or recent trauma to the neck has 
occurred. Herniation of the nucleus pulposus or chronic dise disease ts 
usually associated with a history of head or neck injury months or 
years before unremitting symptoms occur, as stated above. During this 
interval there may be episodes of stiff neck, shoulder or scapular pain 
and paresthesias, numbness and pain in the arm, hand ox fingers. The 
location of the initial pain, numbness or weakness often gives the best 
clue to the level of the lesion. Radiation of pain and the effect of dif- 
ferent postures should be inquired about, as well as the site of any 
muscle stiffness, twitching or wasting. Sensory changes or weakness 
in one or both legs should also be inquired about as a clue to transitory 
or permanent spinal cord involvement. 

While pain in the neck radiating down the arm is the most common 
complaint of the cervical disc syndrome, pain referred to the supra- or 
infrascapular region may also occur. Numbness or tingling paresthesias 
of dermatomic distribution usually but not always accompany pain, 
while motor weakness is not as frequent a symptom as sensory com- 
plaints. Local pain in the neck may be accounted for in part by muscle 
spasm, by involvement of the joints or by distortion of the small sensory 
nerve twigs from recurrent sensory nerves that pass back through each 
intervertebral foramen to supply the anterior spinal ligament lying di- 
rectly over the annulus fibrosus (Roofe, 1940°). Frykholm' moreover 
describes two types of peripheral pain each having a different distribu- 
tion and quality. One is typically dermatomic in distribution and 
quality due to compression of the dorsal or sensory root and the other 
is myotomic in distribution, of musculo-sensory character having a deep 
boring aching quality, due to compression of the ventral or motor root. 
Granting that disease of the shoulder joint or an anterior scalene syn- 
drome is ruled out, pain elicited by extreme postural changes of the 
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arm or neck is usually pathognomonic of mechanical irritation of 


nerve roots such as may be caused by a dise lesion. 

The region of sensory or motor changes may vary somewhat with 
individual variations in innervation and may depend on whether or 
not the brachial plexus is post-fixed or pre-fixed. By and large, patho- 
logical involvement of the nerve root at the C 5-6 interspace results in 
sensory changes and weakness in the distribution of the median nerve 
which supplies sensation to the lateral aspect of the hand on its palmar 


surface. The distribution of the suprascapular,'’ and the antebrachial 
cutaneous nerve along the anterolateral aspect of the forearm, may also 
be affected. Root compression at C 6-7 or C-7/T-1 leads to sensory 
changes most prominent in the ulnar nerve distribution over the medial 
aspect of the hand. 

Abnormal motor findings may supply the clue to the nature and 
level of the lesion as accurately as sensory findings. Thus a lesion at 
C 5-6 may be indicated by weakness and atrophy of the deltoid, biceps, 
upper third of the pectoral muscle and the intrinsic muscles of the hand 
and forearm supplied by the median nerve. A lesion at C 6-7 may in- 
volve the middle third of the pectoral (tested by inspection and palpa- 
tion when the patient forcibly strains with this muscle), and to some 
extent the biceps, brachioradialis, triceps, flexors of the forearm and 
intrinsic muscles of the hand supplied by the ulnar nerve. With a 

‘T-1 lesion the lower third of the pectoral muscle is apt to be atro- 
phic and weak, as well as the triceps and extensor muscles of the fore- 
arm. A Horner’s syndrome may also be apparent. The tendon reflexes 
of the involved muscles are generally hypoactive and these muscles may 
be subject to fibrillations and cramps, while below the level of a cervical 
dise protrusion the tendon reflexes may be exaggerated, and pathologi- 
cal signs such as the Babinski may be elicited if there is spinal cord 
involvement. Indeed, careful neurological examination may disclose 
partial Brown-Sequard syndrome or other signs of spinal cord pathol- 
ogy. Autonomic changes and bladder or bowel symptoms are rare 
unless the lesion is massive. 

The neck is often tilted towards the side of an acute disc protru- 
sion, while ulting towards the opposite side is limited. Local pressure 
along the spinous processes of the cervical spine or to one side of them 
characteristically elicits pain at the site of pathology and frequently 
induces radiation of pain down the arm in the corresponding nerve root 
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distribution. ‘Tenderness over the suprascapular or infrascapular area 
is also common and spasm of the posterior cervical musculature or the 
anterior scalene muscle may be observed. Gentle compression of the 
head on the neck is pathognomonic of disc protrusion if this test causes 
local neck and radiating arm pain, for this maneuver tends to narrow 
the intervertebral foramen as well as to cause further disc bulging, and 
thereby accentuates symptoms. During the examination attention 
should always be directed to the possibility of a scalene syndrome or 
shoulder joint disease by appropriate maneuvers, and a search should 
be made for tumor masses or an aneurysm in the neck and along the 
course of the nerves supplying the affected extremity. l-xamination 
for an apical lung tumor should also be carried out. 

X-rays of the cervical spine, particularly in cases of recent hernia- 
tion of the nucleus pulposus, may show no evidence of any pathological 
change, or may simply reveal reversal or straightening of the normal 
cervical curve due to muscle spasm. However, narrowing of the in- 
volved intervertebral space, and in long-standing cases, local hyper- 
trophic bone changes are common findings.” * Oblique views are indi- 
cated to see whether narrowing of the intervertebral foramina may be 
the cause of nerve root compression, either because of collapse of the 
disc with consequent settling of the vertebrae, or because of hyper- 
trophic bone or calcific spurs. The x-ray examination should include a 
search for subluxation, compression fracture, myeloma, primary or 
secondary bone neoplasms, osteomyelitis, and thinning or widening of 
the pedicles that might indicate an intraspinal tumor. The degree of 
generalized osteoarthritis, if any, should also be evaluated with a view 
to the differential diagnosis. Finally, a cervical rib should be looked for, 
and if necessary, shoulder films made to rule out the presence of 
shoulder joint disease or a calcified subdeltoid bursa, etc. Chest films 
may be indicated to exclude pulmonary carcinoma. 

Lumbar puncture is apt to be normal in all respects unless the lesion 
is large enough to cause elevation of the cerebrospinal fluid total protein 
or to create a partial or total CSF block. 

Myelogram studies are usually indicated unless there is clearcut evi- 
dence of a single acute disc lesion, for there may be two and occasion- 
ally three affected levels. The duration and success of operation may 
therefore hinge to a large extent on the performance of a myelogram. 
If the latter is planned, it is wise to avoid a preliminary lumbar puncture 
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Fig. 2. Cervical myelogram with 9 ce. Pantopaque 
showing filling defect: indicating herniated nucleus pul 
posus at C-7 on the left 


unless five to seven days elapse before doing the myclogram, lest the 


dura leak and thus be collapsed, which may lead to subdural or extra 
dural injection of the dye. Six or preferably nine cubic centimeters of 
Pantopaque are preferable for cervical myelography (Fig. 2). The dye 
is of course withdrawn at the end of the procedure. While close to 95 
per cent accurate, cervical myelograms may sometimes fail to reveal 
a protruded disc if it is laterally displaced within the intervertebral 
foramen. 


Electromyograms'' occasionally prove useful in determining the 
level of the lesion. 


Differential Diagnosis: Cervical disc disease must be considered 
in cases of hypertrophic osteoarthritis. Since the two may be present 
together, regardless of which is primary, an effort should be made on 
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clinical grounds, and by oblique and other x-ray studies including 
myelography, to determine whether there is nerve root or spinal cord 
compression by a prolapsed disc, bony ridge, or encroachment upon 
the foramina by bony spurs, for such conditions may respond well to 
decompressive surgery. 

A ventral ridge composed of degenerated dise material and hyper- 
trophied bone has on more than one occasion caused spinal cord 
changes, diagnosed for years as multiple sclerosis. Such patients may 
show dramatic improvement following laminectomy. 

An anterior scalene syndrome should be ruled out by testing the 
effects of full abduction of the arm with tilting of the head to the op- 
posite side, and by seeing whether the anterior scalene muscle ts unduly 
full, taut, tender and capable of reproducing symptoms on pressure 
over it. On occasions, however, this muscle may be taut due to spasm 
secondary to dise disease, and this in turn may occasionally lead to a 
scalene syndrome that accompanies or follows surgical alleviation of 
dise disease. In the latter instance the scalene pain and numbness follow 
an entirely different distribution from that which had accompanied 
nerve root Compression, 

Other conditions to be considered in the differential diagnosis are 
myositis, neuritis, median nerve neuralgia by transverse carpal ligament 
compression, post-traumatic hand-shoulder syndromes, bursitis, shoulder 
joint disease, primary or metastatic malignancy, osteomyelitis, vertebral 
subluxation, coronary artery disease, and spinal cord tumor. 

\luscle spasm of the posterior neck and shoulder muscles secondary 
to nerve root compression by a disc may closely resemble primary 
myositis even to the point of myositic nodules. The differential diag- 
nosis can usually be aided by the use of muscle relaxant drugs such as 
myanesin or tubo-curare.'* If pain then continues, it is clear that 
mechanical nerve root compression exists. These drugs however should 
as a rule be given only by experienced personnel with the patient in the 
hospital, because they may prove hazardous. 


‘TREATMENT 
Conservative treatment is always the measure of first choice unless 
excruciating pain and incapacitating disability exist such as may accom- 
pany acute herniation of a nucleus pulposus. Conservative treatment 
entails rest in bed with halter traction. In less severe cases this may be 
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done intermittently as required at home. Relief of more severe symp- 
toms may require five to ten days steady traction day and aight. The 
head of the bed should be somewhat elevated and 5 to 8 pound weights 
used. The author decries the use of more or less abrupt forceful trac- 
tion with the patient in the sitting position, as this tends to make the 
patient resist and thus increase muscle spasm, which in turn serves to 
bring affected vertebrae closer together and thus accentuate symptoms. 
When pain, spasm and other symptoms and signs have been relieved, 
a snug but comfortable Thomas or Schantz collar may be worn while 
travelling or at work until there is no further trouble. Sedation with 
phenobarbital or the like, and analgesics such as aspirin or codein 
usually help relax the patient. One per cent procain infiltration of pain- 
ful muscles may also prove beneficial. 

Surgical intervention is recommended when conservative therapy 
fails and the patient is eager for relief of pain, progressive numbness and 
weakness. The level and nature of the lesion having been established 
on clinical and x-ray grounds, a decompressive type of laminectomy 
is done. 

Historical: Stemke in 1918,"* referring to Frazier’s cases, was the 
first to report on the operative removal of what now appears to have 
been cervical dises. Clymer, Mixter and Mella in 1g21,'' Adson and Ott 
in 1922,'" Elsberg’® in 1928 and 1931, and Stookey in 1928"? made 


similar reports. All these lesions were described as ecchondromas or 
chondromas and it was not until 1928-30 that Alajounanine and Petit- 
Dutaillis'* showed that these chondromas were really displaced or 
ruptured disc material. Then in 1934 Mixter and Barr’ firmly estab- 
lished the role of the lumbar nucleus pulposus with regard to nerve 
root compression. The equivalent cervical dise syndrome soon there- 
after became firmly established following the reports of Stookey in 
1940," Bradford and Spurling in 1941,7' Semmes and Murphey in 
1943.” Bucy et al. in 1948,7* and many others. 

Hemilaminectomy as advocated by Stookey is the procedure of 
choice for unilateral lesions. Bilateral or midline disc protrusions usually 
require a full laminectomy. Relatively soft disc material consisting of 
nucleus pulposus and/or annulus fibrosus may vary in consistency and 
character,** but can be removed from beneath the affected nerve root or 
spinal cord with relative ease. In such cases it is important to clean out 
the intervertebral space as thoroughly as possible by means of special 
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curettes and \inal! rongeurs lest fragmenis of degenerated disc material 
later work loose and cause recurrence of sveiptoms. It is also important 
to test the intervertebral foramuna for patency as disc fragments some- 
tunes work their way beneath a nerve root far out into the foramen. 
If this condition ts not remedied pain will of course persist. 

Foraminotomy may be necessary when a foramen is narrowed be- 
cause of settling of the vertebrae due to disc disease or is occluded by 
bony proliferation or spurs. This may be accomplished readily with 
the curette or small chisel, or by a dental drill according to the hemi- 
facectectomy technique of Scoville * and Frykholm.' It is a specially 
effective procedure for relief of pain and often other symptoms and 
signs of nerve root Compression in- certain cases of hypertrophic 
arthritis.” 

‘Transverse bony ridges overlying the intervertebral space are per- 
haps the most difficult lesions to treat because of dithculty of access 
and removal.'* Great care must be exercised lest the spinal cord be 
irretrievably damaged. If such lesions cannot be removed or reduced in 
size by curettage, miniature chisel or the drill technique of German,” 
symptoms and signs of spinal cord involvement can often be relieved 
by opening the dura and cutting the dentate ligaments on each side. 
Kahn* has described the effectiveness of this procedure in releasing 
the cord from the binding effects of the dentate ligaments and the 
consequent stresses believed to injure the spinal cord function. Some 
authors advocate spinal fusion following this type of procedure, in 
order to keep the neck in a somewhat hyperextended position and 
thus avoid the bowstring effect that may serve to stretch the cord over 
a transverse ventral ridge. 

Results: All cases operated upon for removal of a unilateral her- 
niated nucleus pulposus have had a smooth post-operative course, save 
that when more than one nerve root has been decompressed there may 
be transitory accentuation of symptoms for one or two weeks immedi- 
ately after operation. Otherwise all patients with this type of disc 
pathology have had excellent relief of their pain and sensory disturb- 
ances, and most have regained muscle power provided they were 
diligent in their post-operative exercises. One patient required reopera- 
tion, after an interval of seven years, for pain due to scar tissue around 
the originally decompressed nerve root. He has been free of pain for 
the ensuing four years. 
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All cases but one who have had pain and nerve root signs due to 
chronic unilateral disc disease have been rendered almost completely 
free of pain following nerve root decompression and/or foraminotomy. 
Minor sensory impairment and muscle atrophy have persisted in some, 
probably because of the long duration of nerve root involvement in 
this group, resulting in some degree of permanent nerve damage.*' The 
single failure and only fatality in the entire group had undergone spinal 
fusion as well as laminectomy. 

Results of operation have been least satisfactory in cases of spinal 
cord compression by the transverse ventral ridges resulting from chronic 
long-standing disc disease.“ No one in this group has been rendered 
worse by surgery, and one has been dramatically improved. Unable to 
walk without the greatest difficulty and unable to drive a car before 
operation, his gait and limb functions were so improved by surgery that 
he drove his car 3000 miles two months after operation and is now able 
to walk two to three miles a day. While the remaining cases in this group 
have not shown noticeable improvement after surgery, it is felt that 
progression of their spinal cord changes was often arrested by decom- 
pressive surgery. Since these cases were not operated upon until an 
advanced degree of spinal cord atrophy had occurred, marked improve- 
ment could scarcely be expected. Perhaps with earlier intervention 
many of these cases could have been spared years of invalidism. 

The following conclusions are based on the author's 26 operated 
cases and 12 unoperated cases. 

Conclusions: 1. A tral of conservative therapy ts indicated for most 
cases suffering from nerve root compression due to chronic dise disease, 
but is not apt to be effective in cases having advanced spinal cord signs 
or acute hermation of the nucleus pulposus. 

2. Surgical intervention is extremely effective in relieving nerve root 
signs due to hermated nucleus pulposus (eleven of eleven cases) but is 
somewhat less effective in relieving pain due to chronic unilateral dise 
disease (seven of eight cases showed improvement). 

3. Foraminotomy is usually effective in relieving pain due to 
localized hypertrophic osteoarthritis or foraminal narrowing secondary 
to chronic disc disease. 

4. Spinal cord signs due to chronic disc disease are least apt to be 
relieved by surgery (of seven cases three were benefited; one was 
greatly improved; one moderately, and a third only slightly improved). 
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5. The degree and rapidity of relief from pain and other symptoms 
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CERVICAL RIBS 


An Analysis of Findings in Fifty-seven Operative Cases* 


Bronson S. Ray, Ropert Harpy and Herserr Parsons 


GseseseseseseSvioNnG the numerous causes of pain and disability involv- 
ing the shoulder and upper extremity, the presence of 
A a cervical rib has long been recognized as being of possi- 
ble etiologic significance. The great majority cause no 
Gesesesesesese difficulty and are observed as incidental findings during 
x-ray examination. Symptoms rarely appear before the third decade. 
and occur three times more commonly in women. When the bony 
anomaly occurs bilaterally, as is usually the case, discomfort may ap- 
pear on the side of the smaller rib. It is evident that there must be 
factors other than the bony mass which contribute to the development 
of the clinical picture. Inasmuch as symptoms can often be relieved by 
sectioning the anterior scalene muscle and removing the cervical rib, 
it is suggested that the rib itself is merely an indication of an abnormal 
anatomical arrangement which, under stress, may result in disability. 

In an attempt to correlate the pre-operative symptoms and signs 
with the anatomical findings at operation, a review was made of fifty- 
seven operations in forty-six patients, eleven of whom had_ bilateral 
procedures. These observations have been made on the neurosurgical 
services at the New York Hospital, St. Luke’s Hospital, and the 2nd 
Division of Bellevue Hospital, since 1940. 

Certain points in the anatomy of the base of the neck and supra- 
clavicular space should be emphasized (Fig. 1). 

\dson and Coffey,’ in their excellent article published 1g27, 
stressed the importance of the anterior scalene muscle. It arises from the 
anterior aspect of the transverse processes of the third to sixth cervical 
vertebrae, descends anterior to the brachial plexus and subclavian 
artery, and gains an insertion into a tubercle on the first rib. The angle 
formed by the muscle and the portion of the first rib lateral and pos- 
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Figure 1: Anatomical diagram, redrawn from Adson and 
Coffey,’ and Patterson (Ann. Surg. 111:537, indicat 
ing the relationship of the cervical rib to surrounding struc 
tures. The anterior and middle scalene muscles, the phrenic 
nerve, the brachial plexus, and subclavian artery are repre 
sented, 


terior to it is an acute one, and the brachial plexus and subclavian 
artery coursing between these structures are thereby narrowly confined. 
The middle scalene muscle situated posterior to this neurovascular 
bundle further constricts the space. A cervical rib, depending upon its 
size and direction, may further compromise the space occupied by the 
nerve and artery, and may exert pressure from behind. The abnormal 
rib has many forms (Figs. 2-7). It may consist of an unduly elongated 
transverse process of the seventh cervical vertebra, which may end 
freely, or which may be connected to the first rib by a fibrous band, 
If larger it may fuse directly with the first rib. A joint may be present 
at the junction of the transverse process and body of the seventh 
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Figure 2: Tracings made from x-ray films in 5 cases in which there were elongated 
transverse processes of the seventh cervical vertebra associated with fascial bands 
extending laterally from these processes and attaching to the first rib. 


Figure 3: Tracings made from x-ray films in 4 cases in which there was an 
elongated transverse process of the seventh cervical vertebra on one side and a definite 
bony cervical rib on the other side with an attachment to the first rib. 
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Figure 4: Tracings made from x-ray films showing 4 cases in which a unilateral 
cervical rib ends freely. In the case on the upper left a thoracoplasty for tuberculosis 
had been done previously on the side of the cervical rib. The fourth case on the lower 
right shows a complete cervical rib attaching to the costal cartilage of the first rib. 


Figure 5: ‘Tracings made from x-ray films showing variations in the structure of 
cervical and first ribs. The cervical ribs in four instances are bilateral. In that on the 
lower right there are joints along the distal portion of the shafts of the cervical ribs 
just proximal to their attachments to the first ribs. 
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Figure 6: ‘Tracings made from x-ray films showing further variations in the strue 
ture of bilateral cervical ribs, some of which end freely and some of which are attached 
to the first rib. That on the right shows antero posterior and lateral views of bilateral 
cervical ribs which end freely. 


Figure 7. ‘Tracings made from x-ray films in two cases of abnormal first” ribs 
showing their similarity to cervical ribs. A segment of the first rib is missing in its 
distal portion and on the right one of the first ribs ends freely. In the case shown 
on the left there is a tuberosity on the second rib to which the distal end of the 
abnormal first rib had a fibrous attachment 


cervical vertebra with the cervical mb, or at the articulation of the latter 


with the upper surtace of the first rib. A joint is rarely present along 


the shaft of the cervical rib. Often a knob arises from the surface of 
the first rib at the site of sunction with the cervical rib which may con- 
tribute to the compression of the artery and components of the brachial 
plexus. The distal end of the cervical rib may end freely. There may be 
anomalies of the first rib, which may be large or small, or there may be 
a portion missing. Its shape would seem to be unusually variable when 
there ts an associated cervical rib. Other bony anomalies are occasionally 
present such as spina bifida, kyphoscoliosis of the cervico-thoracic 
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spine, and hemivertebrae. Walshe’ has suggested that the frequent 


occurrence of such defects might indicate that factors other than the 
embryologic derivation of the brachial plexus enter into the occurrence 
of cervical ribs. 

In addition to the bony anomalies there may be anomalies involving 
the subclavian artery. Its point of origin from the innominate artery on 
the right may be unusually high or low, thereby altering the angle that 
it makes in its course over the first rib. There may be somewhat similar 
alterations in its origin from the aorta on the left side. 

There is considerable variation in the constitution of the brachial 
plexus. Normally it is derived from the fifth cervical to first thoracic 
segments. There may be an unusually large contribution from Cs or 
perhaps C4, and a small one from T1, in which case the plexus is said 
to be “pre-fixed.” The reverse may be present, in which there is a small 
contribution from Cs and a relatively large one from T1, and possibly 
‘T2, in which case it is said to be “post-fixed.” In addition there may 
be variations in the ramifications of the plexus itself. The anomalies 
which have been pointed out help to explain the variability of symptoms 
in these cases. The cervical rib itself may only be a part of a more wide- 
spread abnormality. 

Symptoms are the result of compression of the artery, the somatic 
components of the brachial plexus, and the sympathetic nervous system. 
Combinations of these factors usually exist although anyone of them 
may predominate. Obvious compression of the artery was found at 
operation in twenty-three cases. In most of these patients signs of vascu- 
lar deficiency were prominent with tingling and dull, aching discom- 
fort of the entire extremity characteristically becoming marked with 
activity. Color changes and coldness, with diminished wrist pulsations, 
were occasionally present. Atrophy of the fingertips and nail changes 
were infrequent findings. Gangrene, or persistent cyanosis was observed 
in six cases and in all instances the artery at operation seemed to be 
compressed. In two cases it was possible to demonstrate obstruction of 
the brachial artery midway in the arm. Complete thrombosis of the 
axillary artery was present in one patient who had gangrenous and 
ulcerated fingertips. Aneurysm of the artery was found in two patients 
with persistent cyanosis, and in two additional cases in which there 
were no color changes. The interesting fact that the aneurysmal dilata- 
tion always occurs distal to the site of compression has long attracted 
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Figure 8. Diagram summarizing the neurological symptoms encountered in 46 cases 
in which a total of 57 operations were performed for cervical ribs, 11 being bilateral. 
It should be noted that the totals given at the top of the diagram are less than the 
added figures given in the lower portions due to overlapping of the areas of pain 
and paresthesiae. 


the interest of investigators. Halsted* was able to reproduce the lesion 
in animals experimentally by maintaining an almost complete occlusion 
of an artery by a band for a period of at least five months. Numerous 


explanations for the occurrence of this lesion have been given but a 


truly sound one is still wanting. A prominent mass was frequently 
palpable at the base of the neck and visible pulsations and a bruit were 
occasionally present. 

Attempts have been made to classify the neurological manifestations 
of cervical ribs into two main groups but it has been difficult for us 
to do this with the cases we have reviewed. The nerves at operation 
were found to be compressed in approximately two-thirds of the 
patients. The neurological findings of greatest frequency were pain 
and paresthesiae (Fig. 8). 
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Figure 9: Diagram summarizing the objective findings in the same group of cases 
explained in the previous diagram. Again the discrepancy in the totals is due to over- 
lapping of the areas in which atrophy, weakness and sensory impairment were found. 


The commonest site of pain was the shoulder where it occurred in 
approximately one half of the cases. Paresthesiae occurred with greatest 
frequency in the fingers and hand. Pain along the outer aspect of the 
arm and up the neck occurred with diminishing frequency, becoming 
less frequent as it involved the forearm, hand and fingers. The ring and 
little fingers were involved by both pain and paresthesiae somewhat 
more commonly than the other fingers. 

Atrophy and weakness were found in approximately one third of 
the cases (Fig. 9). The commonest site of atrophy was the thenar 
eminence. Wasting of the interossei, the hypo-thenar eminence, and the 
forearm muscles, followed in that order of frequency. Weakness was 
most evident in fine finger movements. Diminished touch and pin-prick 
were present in one third of the cases, the most common site of involve- 
ment being the little finger and ulnar side of the hand. Sensory loss of 
the ulnar side of the forearm and remaining fingers occurred less fre- 
quently. 

Two negative findings which seemed of considerable importance 
were the absence of significant reflex changes, and the absence of 
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radial nerve involvement as manifested by wrist drop and sensory loss 
of the posterior hand. 

Alterations in sweating were present in seven patients. A small pupil 
was seen in four instances, while ptosis was observed in two patients. 
These findings would indicate that in a few instances there was definite 
involvement of the sympathetic nervous system. 

It has been felt that to section the scalene muscle alone in the 
presence of a cervical rib is not always adequate in relieving symptoms. 
The policy accordingly has been to remove the greater portion of the 
rib in addition to performing a scalenotomy in almost all instances. 

Follow-up observations of six months or longer were obtained 
in g6 per cent of the cases with cervical ribs; 55 per cent of these cases 
were completely relieved of symptoms, 23 per cent were improved, and 
22 per cent were unimproved. Of the ten patients who were unim- 


proved there were five in whom a good result was to be expected from 


the operative findings. In the remaining five individuals there was no 
obvious constriction by either a small rib or the scalene muscle. 
Seventeen cases not included in the above series had scalenotomies for 
essentially the same symptoms but without an associated cervical rib. 
A few of these were greatly improved following operation but good 
results were uncommon unless definite abnormalities were present. 


SUMMARY 


There is great diversity not only in the structure of cervical mbs 
themselves but also of associated anomalies of the subclavian artery 
and brachial plexus. his fact probably accounts for the multiplicity 
of symptoms and signs found in these cases. In a review of fifty-seven 
operations for cervical rib in forty-six patients compression of the 
artery was found in twenty-three instances with associated pares- 
thesiae, Color changes, aching discomfort of the extremity, and dimin- 
ished amplitude of blood vessel pulsations. There were a few instances 
of thrombosis and gangrene. Four cases had associated aneurysms of 
the subclavian artery. Pain and paresthesiae were the most common 
symptoms, pain being most frequent in the region of the shoulder, and 
diminishing in frequency in the more distal portions of the extremity. 
Paresthesiae occurred most frequently in the fingers and hand. Atrophy 
and weakness were found in approximately one third of the cases, 


chiefly affecting the thenar eminence, and less commonly the interossei 
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hypo-thenar eminence, and forearm muscles. There were seven in- 
stances of alterations in sweating and a few with miosis and ptosis indi- 
cating involvement of the sympathetic nervous system. Seventy-eight 
per cent of the cases were cured or improved following scalenotomy 
and partial excision of the rib. Scalenotomy alone gave less satisfactory 
results in a small group of patients with essentially the same symptoms 
but without associated rib anomalies. 
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& NY evaluation of a method of treatment of a disease must 
©) be based on an honest appraisal of the seriousness of the 
A i disease to be treated, the results to be obtained by the 
J treatment, and the morbidity and mortality risks in- 
volved in undertaking the procedure. 


Comparison of end results of two or more types of treatment will 
then give one a good insight on how that disease may best be treated 
with the least possible risk to the patient. At times, taking great risks 
is mandatory if good results are to be obtained but in all patients there 
comes a point where the risks may be too great to warrant the pro- 
cedure on the basis of the results to be expected. Complete correlation 
of the above mentioned points, along with some others to be mentioned, 
is essential if one is to accomplish all that is possible in the treatment 
of tumors of the bladder. 

I would like to divide my discussion of pathology into two main 
points: the clinical and the histological. 

Under the topic of clinical pathology, one must try to evaluate the 
tumor not only as to age but also as to size and. character together with 
the degree of infiltration or extravesical spread. 

The history may frequently be misleading. Some patients who have 
had symptoms for years may present a simple papilloma while others 
who come to you immediately following their first hemorrhage, may 
have far-advanced cancer, 

Physical examination is extremely important and many times may 
give one a clue as to the character of the tumor. Careful bimanual 
examination, under anesthesia if necessary, will sometimes give a clue 
as to the depth of the involvement of the bladder wall or the presence 
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STAGES OF VESICAL NEOPLASMS 


Fig. |. Classification of Bladder Tumors in ‘Terms of Spread 
By Vietor F. Marshall, M.D 


\dapted From: Jewett's Classification 


of metastases or perivesical extension. The cystoscopic picture ts, of 
course, invaluable and cannot be supplanted by any other type of exami- 
nation, The actual character of the tumor is important. Is it a sessile, 
meaty type of tumor or ts it papillary in character? The sessile tumors 
usually have the broader bases and tend to infiltrate more quickly. Also, 
I am inclined to beleve they metastasize much sooner due to their rapid 
invasion of lymphatics and blood vessels. 

Bullous edema about the base of any tumor usually means infiltra- 
tion of the tumor into the deep submucosal and muscle layers of the 
bladder. Last but not least, an adequate biopsy' taken deeply at the base 
of the tamer wul give an accurate histologic picture of the malignancy 
of the tremor and whether or not it extends into the muscle layer of the 
bladder. Correlation between depth of extension and cell type will be 
of definite prognostic value in a high percentage of cases. 
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Classification of bladder cancer as to the possibility of cure is of 
great importance. I believe that Jewett’s* classification, slightly modified 
by Marshall,* gives us a very satisfactory base line for comparing end 
results obtained by different methods in different clinics. Anyone who 
attempts to compare results of one method with another without adher- 
ing to the same classification is not going to add much to our knowl- 
edge. | have only one fault to find with both of these classifications and 
this is based on my own observation. I have noticed that the flat, sessile, 
epidermoid type of cancer is far less amenable to treatment and is far 
more apt to have extended into the perivesical space or to have metasta- 
sized when first seen than papillary types of the same grade of cell 
malignancy. Hence, | would like to see that simple division in the clas- 
sification of bladder cancer preserved and used in reporting statistics. 

Five methods of conservative surgery are employed and I will list 
them according to the frequency with which they are used. 

1. Transurethral Resection alone is used in practically all papillomas 
of the bladder and in all papillary carcinomas of stage A or By. It is 
also used in a limited number of stage B. where six to eight weeks’ cysto- 
scopic follow-up reveals them to have healed without evidence of local 
recurrence. It 1s also used in some patients who are such poor risks that 
minimal surgery 1s literally mandatory. Transurethral resection alone 
has been employed in epidermoid type cancers, having a base of not 
more than 1!, cm. and still in stage A or B. 

2. Transurethral Resection with Radon Seed Implantation is used 
in tumors of stage Bz and a limited number of stage C where more radi- 
cal surgery is contraindicated or is refused by the patient. It is also 
employed in those cases in which an error in judgment has placed them 
in stage B; when actually they were Bz. This is the type of case which 
shows local recurrence in the resected area when checked cystoscopi- 
cally six to eight weeks after operation. This method has also been used 
in cases in class D where the presence of metastases was known but it 
was hoped to re-establish a normal bladder for the patient’s comfort. 
This has been accomplished at least twice to my knowledge. These two 
patients both died of metastases; one four years and the other three 
years after operation but both had cystoscopically negative bladders at 
the time of their death. 

3. Transurethral Resection followed by a Radon Catheter deliver- 
ing 3620 millecurie hours of radiation seems to be of benefit in slow- 
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ing down or preventing multiple recurrence in cases of papillomatosis 
or multiple papillary cancers of very low grade malignancy. 

4. Segmental Resection of the Bladder is indicated in those lesions 
of type Bz or C where they are located in a resectable spot, allowing 
for a wide margin around the tumor. In four or five cases, in which 
transurethral resection of the tumor was followed by segmental resec- 
tion, we have been surprised to find that serial sections of the resected 
specimen have failed to reveal any cancer cells. Again, an error in judg- 
ment was made but at least a safe error. 

5. Suprapubic Cystotomy with Loop Resection of the Tumor with 
or without radium implantation is rarely done. If the tumor is of a 
type which can be adequately controlled by resection, we feel that 
there is no non-resectable area in the bladder if a good assistant is avail- 
able to push down the anterior wall when the tumor is in this area. 

Just a word about technique: In transurethral resection of bladder 
cancer, it is important to make a histologic dissection. The muscle fibers 
of the bladder are very recognizable as such and great care should be 
exercised in both type O and A tumors to at least expose these fibers. 
In type B, and B, areas of tumor infiltration into muscle are visualized 
as a white, granular-appearing tissue lying between and infiltrating into 
muscle fibers. As long as this type of tssue can be seen in the base of 
the cut, ore may be sure he has not resected deeply enough. 

A wide margin, at least 1 cm., of normal bladder mucosa and sub- 
mucosa should be resected to be sure no cells have been left behind. 

If there is any doubt as to whether the base is clean or not at the 
end of the resection then radon seeds should either be implanted imme- 
diately or at the end of the six weeks’ check-up period if any small 
tumor recurrence is visible at that time. All resected areas along with 
the margins are fulgurated lightly as a final procedure in the operation. 

About the only complication encountered in resection of bladder 
tumors is the nerve stimulation resulting from resecting a tumor on the 
lateral wall. This may force the bladder into the loop, causing a full 
thickness laceration. It is easily prevented by resecting those tumors 
with the bladder as nearly empty as possible and reducing the current 
slightly. 

Radon seed implantation can be satisfactorily and accurately done 
cystoscopically. Here again, one should map the area carefully and im- 
plant the seeds at 1 cm. intervals, covering the entire base and at least 
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Cuarr l—EIGHTY CASES PAPILLOMA OF BLADDER 
TREATED BY TRANSURETHRAL RESECTION 


Alive Dead Not Followed 
Without With Without With Without With 
tumor tumor tumor tumor tumor tumor 
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', em. of what appears to be normal bladder mucosa. This covers 1 
cm. of bladder beyond the base, if we have resected 1 cm. of the peri- 
phery as described. Care should be taken not to be over enthusiastic 
in the use of radon. Over radiation accomplishes no more and is respon- 
sible for a painful bladder for weeks whereas accurate and adequate 
radiation is not usually attended with much discomfort. 

In segmental resection, | would advise as wide a margin as possible, 
around the tumor, preferably an inch. We use this for the sessile, infil- 
trating types usually, and we all know of their tendency to extend into 
the lymphatic and vascular channels of the bladder wall itself, well 
away from the original growth. 

The morbidity of transurethral operations is extremely low. The 
patients are hospitalized from forty-eight hours to about six days, with 


the average being four days. An indwelling catheter is usually left in 


place from two to three days in the larger and deeper tumors. 

The mortality rate is equally low. In a recent review of 458 patients 
treated by this method, the operative mortality was three cases or 0.65 
per cent. This included one patient who had a small papilloma resected 
and died of a coronary thrombosis eight hours later. Her operation was 
entirely uneventful and uncomplicated but she must be considered an 
operative death. 
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What can be expected in the way of end results with this type of 
treatment? 

This report deals with a series of 368 tumors of the bladder in which 
four different methods of treatment were employed. Eighty of these 
were papillomas or type O, according to the Marshall classification and 
will be treated superficially (Chart I). 

Five or 6.2 per cent have died with their disease still present. 

Forty-five cases or 56.2 per cent have had complete follow-up. 

Thirty-five have not returned for complete follow-up examination. 

‘Twenty-eight or 62.2 per cent of those followed have survived five 
years or more. 

Twelve died during the first four years of other causes. 

Of those accurately followed 88.9 per cent have been apparently 
cured, 

In the 288 cancers of the bladder seen, five patients were literally 
moribund and not operated. That leaves 283 patients as a basis for this 
report. 

One hundred seventy-six patients were treated by transurethral re- 
section of the tumor (Chart II). Multipie resections were done in some 
cases which showed either recurrences or new growths. 
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One hundred forty-three or 81.3 per cent of the cases have had an 
accurate follow-up. 

Thirty-three or 18.7 per cent have not returned for follow-up but 
no death certificate has been filed in the New York State Department 


of Vital Statistics, so they are for the most part considered to be alive. 


Twenty-seven or 15.3 per cent have survived five years or longer. 

Of those accurately followed 18.8 per cent have survived five years 
or longer. 

By a more or less superficial analysis, it was estimated that sixty-six 
of these tumors were probably stage Bz or greater. They were all Grade 
Il to LV, sessile, infiltrating, epidermoid type cancers. 

It is sincerely believed by the author that study of the individual 
pathologic section with a critical analysis of the physical examination 
and cystoscopic picture as elicited from the individual records will prob- 
ably place a much higher percentage of cases in the above category. 

If we use the above figure, this leaves 110 patients who might be 
helped by this type of surgery. Of this group, 27 or 24.5 per cent sur- 
vived five years or longer. 


77 

I 36 | 

2 1 2 1 

3 3 

3 4 
5 1 2 5 

1 

7 l 

4 1 
10 
12 
13 2 
14 

6 4 51 
| 


78 THE BULLETIN 


Seventy-one patients were treated by transurethral resection and 
radon seed implantation (Chart III). 

Of these 92.5 per cent have been accurately followed; and 

7.5 per cent have been lost but no death certificates have been filed 
with the New York State Department of Vital Statistics, so they are 
probably alive. 

Seventeen patients or 25.7 per cent have survived five years or longer. 

Of those accurately followed, 26.2 per cent have survived five years 
or longer. 

Forty-one of these patients had large, sessile, epidermoid type tumors 
of grade III to IV malignancy which would probably fall into the 
category of Bz or C stage growths. 

If we do not consider these as potentially curable, there are thirty 
patients with a five year survival rate of 56.6 per cent. 

Twenty-five patients were treated by suprapubic cystotomy and 
fulguration with or without radium implantation. These were all old 
cases most of which were treated prior to 1940. 

There was one operative death. 

‘Two cases had deep x-ray therapy in addition to the cystotomy and 
five cases had implantation of radium or radon. All patients died of their 
disease and only seven survived more than one year. The average 
survival time was 11.3 months, 

Kleven patients of this series have had segmental resection. Ten of 
them have been accurately followed. 

All but one patient had flat, sessile, infiltrating epidermoid carcinoma 
of Grades III or IV. 

Only two of the ten followed were completely free from recurrence. 
One has survived eight years and is in excellent health. The other lived 
one year and succumbed to heart disease. 

Three patients survived five years or longer. One of them lived 
seven years but has been treated endoscopically by resection and radon 
for five recurrences. 


The average survival time has been 2.7 years. 
SUMMARY 


A careful study of this report makes one thing very apparent; 


namely, the great need for careful analysis of cases preoperatively and 
at time of biopsy so as to be able to visualize more clearly the percentage 
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possibility of cure by conservative methods. Many patients in this series 
could not have withstood radical surgery so at best the only thing to 
be expected was palliation. 

It would seem that accurate and thorough transurethral resection 
followed by radon seed implantation in the infiltrating types of tumors 
may have something to offer where the tumor has not already extended 
locally. 

The low morbidity and mortality rate plus the preserving of the 
urinary bladder makes endovesical surgery for bladder cancer more 
enticing. 
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GaeseseseseSeSor many years diverse methods have been used to verify 
the diagnosis of epilepsy. Prior to the development 


Fk of the electroencephalogram such methods as hydration- 


pitressin and hyperventilation were favored. Since the in- 
co 4 ception of the electroencephalogram, other methods of 
stress have been tried but most recently techniques involving the use of 
metrazol have found favor. Such variations include intramuscular or 
intravenous administration given slowly or rapidly with a considerable 
range of dosage. Among investigators who have had a wide experience 


' and Merlis, Henriksen and 


with metrazol, Cure, Rasmussen and Jasper, 
Grossman? favor slow intravenous injection whereas Cohn* and 
A. FE. Walker* administer the drug rapidly. Many find metrazol 
particularly efficacious in localizing epileptogenic foci. Other aspects 
of metrazol investigation have prompted interest. Ziskind and Bercel® 
for example have attempted to find a convulsive threshold. They have 
used metrazol to elicit what they call a minimal electroencephalographic 
response and found that these changes can be produced with smaller 
dosages in the epileptic than in the non-epileptic population. Other more 
complicated studies have been done, particularly those employing photic 
stimulation in conjunction with metrazol administration. This method 
has been especially recommended by Gastaut." 

A considerable body of knowledge has accumulated from the data. 
While Janz,” Duensing* and others feel that metrazol stimulation affords 
no value as a diagnostic tool in suspected epilepsy, in the hands of most 
investigators it would appear that individuals with epilepsy are more 
sensitive to this medication, showing epileptic wave patterns with much 
smaller dosages than are necessary in non-epileptic individuals. 

Our interest in metrazol activation, however, was not aroused by 


* Presented at The Section on Neurology and Psychiatry and the New York Neurological Society, at 
The New York Academy of Medicine, February 19, 1952 
Received for publication, February, 1952 
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experience with epileptic patients, but rather by two other observations. 
In the Payne Whitney Psychiatric Clinic electroencephalographic trac- 
ings are done routinely on each admission within forty-eight hours. The 
results of these tests show that for example approximately 15 per cent 
of all admissions in 1951 manifested mildly to moderately abnormal brain 
wave changes in the absence of neurological disease, previous electric 
shock or insulin therapy or in the presence of heavy sedation. First of 
all, we were interested in studying such patients with metrazol and com- 
paring them with a control group who had shown no such abnormalities. 
The second group tested were patients who fitted into the “epileptoid” 
type of psychopathological reactions previously reported by Rockwell, 
Sherfey and Diethelm.’ These were individuals, who in the development 
of their psychiatric illnesses, complained that in the presence of anxiety 
they experienced recurrent episodic attacks of unreality feelings and 
depersonalization. These were characterized by disturbances in the per- 
ception of either a) the environment or b) themselves. Such complaints 
were verbalized as follows: That various parts of the body seemed 
larger or smaller, that their voices sounded unusually loud, hollow or 
far away. Others complained that objects at these times appeared strange, 
distorted, smaller or larger, out of focus or two dimensional, or that 
colors were particularly vivid. Associated with these complaints was a 
very marked thinking difficulty. Some gave a history of attacks of rage 
and even destructiveness following minor provocation. These symptoms 
were present throughout their lives but to a much lesser degree and it 
was not until the development of the present illness that they became 
greatly troubled by them. We determined to investigate this problem 
because these attacks resembled in many ways the disturbances fre- 
quently observed in epileptic patients and called these “epileptoid” be- 
cause of the episodic nature and resemblance to complaints in epileptuc 
individuals. Although the term “epileptoid” has been variously applied 
in the past, in this presentation, it is limited solely to those individuals 
who demonstrated the psychopathological manifestations described 
above. 


PROCEDURE 


Fifty-one patients used in this study were selected largely from the 
in-patient service, but also from the out-patient department of the Payne 
Whitney Psychiatric Clinic. Fach patient had on a prior occasion re- 
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Figure 1. Normal tracing on left compared with moderately abnormal 
response on right. 
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Figure 2. Norma] tracing on left compared with markedly abnormal res- 
ponse on right. 
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LA MODERATE CHANGE 


MARKED CHANCE 


WO OF PATENTS 


CONTROL 4&6 EPTOID” 


Figure 3. Results of metrazol activation showing 
the number of patients and type of response in 
each category. 


ceived an electroencephalogram using 12 monopolar and bipolar leads, 
and had been subjected to 5 minutes of hyperventilation. For the metra- 
zol examination a standard six channel Grass electroencephalogram was 


used and monopolar leads were placed in the frontal, parietal, and occipi- 
tal area with yoked ear electrodes. Patients were given a standard meal 


prior to the test and a baseline tracing was obtained. An intravenous in- 
jection was instituted, consisting of goo mg. of metrazol, diluted to 20 
cc., so that each cc. contained 20 mg. of the drug. The metrazol was ad- 
ministered at a rate of 1 cc. or 20 mg. every 30 seconds until a total of 


yoo mg. had been given. In those instances where less than goo mg. were 


given, the injection was stopped because of the appearance of epilepti- 
form wave patterns or grand mal seizures. At the termination of the 
injection, patients were asked to hyperventilate for two minutes. After 
this, the recording was continued until the baseline pattern was obtained. 


RESULTS 


The various figures. presented illustrate the changes which we 
consider abnormal as well as the changes which occur under the influ- 
ence of metrazol. 

The first two figures represent samples of clectroencephalographic 
tracings in accordance with which our criteria for normal, moderately 
abnormal and severely abnormal were classified. 
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Figure 4. Number of patients with epileptiform discharge in each category. 


In the third figure the clear bars represent the number of patients 
whose electroencephalograms were not influenced by metrazol. ‘The 
obliquely shaded bars represent those patients who had a moderately 
abnormal response to the injection. The black bars represent the number 
of patients who had grossly abnormal responses. : 

Of the twenty-six in the control group, namely those patients whose 
baseline tracing showed no electroencephalographic disturbance, and 
who demonstrated no “epileptoid” features, twenty-four showed no fur- 
ther electroencephalographic changes while two showed moderately 
abnormal responses to metrazol. Of the thirteen patients tested because 


of moderate electroencephalographic abnormalities (indicated in Fig. 
3 as EEG), and whose clinical history did not reveal “epileptoid” fea- 
tures, two showed no further changes with metrazol, five showed mod- 


erately increased abnormal responses, and six showed epilepuform wave 
patterns. Twelve patients were tested because of “epileptoid” psycho- 
pathological features and four of these showed no further change with 
metrazol while two showed moderately abnormal response, and_ six 
showed epileptiform discharge. 

The fourth figure represents the numbers of patients whose abnor- 
mal responses consisted of 1) grand mal convulsions or 2) epileptiform 
discharge of atypical spike and wave variety in the electroencephalogram 
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Taste 1.-DIAGNOSTIC GROUPINGS. 


Control EEG “E pileptoid” 


Manic-Depressive 


Schizophrenia ti 
Psychoneurosis 15 7 4 
Psychopathic Personality 2 
Paranoid Illness 1 


Depression in Aging Period 


Total 


The black shaded area of the bar shows the 
number of patients in each group who manifested such reactions. In 
the control group of twenty-six patients there were no convulsions or 
spike and wave phenomena. Of the patients tested with metrazol because 
of electroencephalographic abnormalities, six out of thirteen had abnor- 
mal brain wave changes of epileptiform character, two having an actual 
grand mal seizure, Of the twelve patients in the “epileptoid” group, six 
had epileptiform discharge with metrazol, one of whom had a seizure. 
Of these three patients who developed grand mal seizures with metra- 


without a convulsion. 


zol, each showed some electroencephalographic abnormality on routine 
testing which was not diagnostic of an epileptic disorder. In one case 
metrazol helped to establish the diagnosis of epilepsy. In the second in- 
stance some believed the patient was epileptic because of the response 
to metrazol and the history of a single convulsion at 6 years of age. 
In the third case the reason for the convulsion was unclear. 

Table I shows the breakdown of diagnoses and the number of pa- 
tients in each category according to diagnosis. 


Discussion 


The results of these studies show that there are very definite and 
marked differences in the way in which a control group of psychiatric 
patients respond to the slow intravenous injection of metrazol, when 
compared to patients who either a) show psychopathological manifesta- 
tions described above as “epileptoid,” or b) have minor electroencephalo- 
graphic disturbances not otherwise explained by neurological or clinical 
psvchopathological symptoms. 
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A few historical facts about the electroencephalogram in psychiatric 
disorders warrant mention. !n general, there has been considerable work 
by a number of investigators regarding the presence of electroencephalo- 
graphic abnormalities in various psychiatric disorders. First, in regard 
to schizophrenic patients, Davis and Davis,‘ MacMahon and Walter" 
and Gibbs, Gibbs and Lennox” noted a high percentage of abnormalities. 
Next in the diagnostic category, psychopathic personality, Hill and 
Watterson,’ Knott and Gortlieb'* and Silverman,”’ for example, have 
reported percentages variously ranging from 48 to 75 of abnormal elec- 
troencephalograms. The type of abnormality generally found was an 
excess of slow waves. Finally, in psychoneurotic individuals of the obses- 
sive-compulsive variety, as investigated by Rockwell and Simons," 
electroencephalographic abnormalities were found in thirteen out of 
twenty-four patients. 

It would appear then that these investigations have led to no consis- 
tent conclusions, since a common denominator has not been found to 
explain these observations. We know only that psychiatric patients re- 
gardless of diagnosis can show abnormal brain waves more frequently 
than the so-called normal population, Historically and with particular 
pertinence to this study one other report bears mention. In 1941 
Diethelm and Simons,"* in a study of five psychiatric cases, found elec- 
troencephalographic disturbances and psychopathological symptoms 
which were later labelled by Rockwell, Sherfey, and Diethelm as “epi- 
leptoid,” 

In this study the results of metrazol activation, in addition to sub- 
stantiating the observation of others that abnormal brain wave changes 
can be observed in certain psychiatric disorders, further demonstrate 
some specificity. In the “epileptoid” group, where episodic complaints 
similar to those seen in epileptics are prominent, a high percentage of 
sensitivity to metrazol was apparent. In the second group of subjects, 
tested because of erectroencephalographic abnormalities, metrazol helped 
to clarify the diagnosis of epilepsy where the disorder was suspected 
but uncertain. Yet in the remainder of these patients, even though the 


diagnosis of epilepsy could not be contemplated, there was a greater 


sensitivity to metrazol than in a control group. This still leaves us with 
i number of individuals who do not fall into any particular diagnostic 
or clinical category. There may be many other factors to explain these 


observations. Ostow and Ostow'® in their work, mention possible con- 
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genital and familial factors. Others, such as Cohn and Nardini,’ have 
emphasized the aggressive personality features of patients unusually 
sensitive to metrazol. Frustrated aggressive impulses have also been pos- 
tulated to explain grand mal seizures. On the other hand, Ferenczi’® 
suggests that the epileptic attack might be considered as regression to 
the infantile period of wish fulfillment by means of uncoordinated move- 


ments. However, the relationship between pathophysiological changes 
and psychodynamics is difficult to evaluate and remains a provocative 
question. 

If the electroencephalogram is to be considered as a valid tool for 
investigation, or for making observations about human cortical physiol- 
ogy in psychiatric disorders, a new approach for such investigative 
work must be found. Metrazol as an investigative tool may give us some 
insight into the problem but there is need for more detailed clinical and 
laboratory study. 


SUMMARY 


1. Slow intravenous injection of metrazol in fifty-one psychiatric 
patients showed only a mild amount of change in two out of twenty-six 
control patients. In the “epileptoid” group four showed no changes, 
two showed mild changes, five showed spike and wave response and one 
had a convulsion. In those patients who had mild changes in their elec- 
troencephalograms prior to metrazol, two showed no response, five 
showed mild response and six showed spike and wave formation of 
whom two had convulsions. 

2. Metrazol activation of the electroencephalogram elucidated a 
little more clearly the significance of the electroencephalographic find- 
ings in certain psychiatric patients. The significance has been discussed 
and further intensive study of both the psychopathology and patho- 
physiology in additional psychiatric subjects is indicated. 
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tive in shortening the disease the earlier it is 
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malaise as well as generalized aches and pains. 
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WALKER-GORDON CERTIFIED 
LOW-FAT MILK 


Remove the cream from Walker-Gordon Certified Whole Milk and you have 
Walker-Gordon Certified Skimmed Milk... custom-made for weight-control 
and weight-reduction programs. Your patients get the necessary nutrients 
of Walker-Gordon Certified Whole Milk without the butter fat and fat soluble 
vitamins. All the minerals ineluding calcium and phosphorus, water-soluble 
vitamins, amino acids, and proteins remain, but only about half the calories 
of Whole Milk are present. And this pure, delicious, FRESH Skimmed Milk 
has real taste-appeal. 

The Medical Profession also frequently recommends Walker- 

Gordon Certified Skimmed Milk in cases of Pregnancy and 

Lactation, Childhood and Adult Obesity, Abnormal Bile 

Secretion, Celiac Disease, Infant Feeding, Gastric Ulcers, 

Diarrhea, Psoriasis, Allergy, Diabetes, Colitis, Acne, kezema, 

and Hypertension. 


Delivered fresh within one day of milking by leading dairy distributors in 


New York, New Jersey, and Pennsylvania. 


FREE! Descriptive book, “Technical Control and Supervision of Walker- 


Gordon Certified Milk.” sent without obligation on request. 


Walker-Gordon Laboratory Co. 
Plainsbere, N. J. Phone Plainsbore, 3-2750 


Certified by the Medical Milk Commissions of the Counties of New York, Kings, 
Hudson, and Philadelphia 
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NO. 1 OF A SERIES OF MESSAGES PRESENTED AS A SERVICE 
TO THE PROFESSION BY THE AMERICAN CHLOROPHYLL DIVISION 
OF STRONG COBB & CO., INC., FIRST COMMERCIAL PRODUCERS 
OF A CHEMICALLY MEASURABLE WATER-SOLUBLE EXTRACT, 1933. 


Prepared from the Brochure—“Chlorophyll 1953” by Walter H. Eddy, Ph.D. «© 


Scientific Facts on 


CHLOROPHYLL 


THE ACTIVITY of a mysterious substance which has since been called “Green 
gold”—chlorophyll, was first discovered by Sir Joseph Priestley in 1772. 


Priestley found that oxygen was not depleted from under a jar inverted 
in a pan of water if a sprig of mint was left in the jar and in which a candle 
was left burning. The candle continued to burn—the mint to grow. Priestley 
was probably the first to comment on what we now call “photosynthesis,” 
a process in nature which largely accounts for the edibility of a great pro- 
portion of the foodstuffs on which man and animal subsist today. 


Further studies by Priestley, Ingen-Housz? and others showed that 
the green pigment of leaves absorbs light and thus acquires energy with 
which plants synthesize sugars, starches and other nutrients. 


From that time forward photosynthesis, and later chlorophyll, has 
been a constant source of study. This chemical was first named in 1818 
by Pelletier and Caventous* from the Greek “chloros” or green and 
“phyllon” or leaf. Doctors Richard Wilstatter and Hans Fischer gained 
the Nobel Prize for their determination of the chemical nature of the 
chlorophyll! molecule and that, regardless of plant source, the green pig- 
ment is present in only two forms known today as chlorophylls a and b. 


The chlorophyll molecule is one of the most complex in chemistry 
and even today is still subject to some disagreement, but as will be shown 
in a later message is closely related to hemin, the coloring matter of blood. 
From this has arisen much speculation as to its possible action in nutri- 
tional anemias 


However, from those early years chlorophyll because of its fat-soluble 
nature cannot largely be extracted by chewing leaves. Hence it remained 
to a great degree,a costly laboratory curiosity until Robert Van Sant, the 
founder of this company, with the cocperation of Dr. Frank M. Schertz 
of the United States Department of Agriculture in 1933 first developed a 
water-soluble, chemically-measurable chlorophyll. This extract was accept- 
able to the great European chlorophyll authority of the period, Professor 
Hans Fischer of the University of Munich. 


1. Priestley, Sir Joseph; Philosophical Transactions 
of the Royal Society, England, 1772. Also Book: 


“Experiments and Observations on Different Kinds AMERICAN CHLOROPHYLL 


of Air,”’ Vol. I. Johnson, London, 1776. 


2. Ingen-Housz, J., Text entitled “Experiments upon <4 DIVISION 


vegetables, discovering their good power of purify- ¢ 
ing the common air in sunshine and injuring it in . 
the shade and at night.’ Elmsley Payne, London, 1779. 3 


3. Pelletier, J. and Caventous, J. B., Ann. chim. phys LAKE WORTH, FLORIDA 


(2) 9:194, 1818 and (2) 51:182, 1832. Origin of the 
term chlorophyll, 


STRONG COBB & CO. INC. 
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Coca-Cola makes any pause 
the pause that refreshes 


- Quality you can Trust 
| 


eCrramycin 


DON'T miss APPEARING REGULARLY IN THE J. A. M.A. 


‘ 
Oral; Su ON ond convenient 
\ 
\ 


a Gel with applicator for 
simple, dependable contraception 


with 
lin? measured-dose 
requires no ill 


effective 


well tolerated S 
esthetically C 


PRECEPTIN vaginal gel cont 

the active spermicidal agents 
p-Diisobutylphenoxypolyethoxyethanol 
and ricinoleic acid 
in a synthetic base 
buffered at pH 4.5. 


for the diaphragm method with the most +t widely 
prescribed vaginal jelly and cream 
these attractive, durable, “‘Lumite” woven plastic zipper kits... ... 


Ortho” White Kit Ortho Kit” 


contents: contents: 
Orthe-Gyne!® vagine! jelly (regulor size tube) Orthe-Gyno! vaginal jelly (reguler size tube) 
Ortho Creme vagino! cream (trie! size tube) 


Orthe® Crome vagina! cream (trial size tube) 
Orthe®. White Diephrogm (fiet spring) Orthe® Diephrogm (coi! spring) 55 mm. to 
Orthe® Diaphragm introducer oS mm. 


55 mm. to 95 mm. 


Orthe-Gyne!l vegine! jelly — ricinelelc ecid 0.75%, boric acid 3.0%, exyquineline suiphote 0.025%, p-Diisobutyiphenoxy- 
pelyethenyethenc! 1.00%. 


Orthe Crome vogine! cream — ricinolelc ecid 0.75%, boric acid 2.0%, sodium leury! sviphete 0.28%. 


Ortho Pharmaceutical Corporation - Reritan, New Jersey 
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Just 1 or 2 Pentids Tablets t.i.d. are particularly effective . . . 
convenient, easy-to-take . . . cause fewer side effects . . . and are 
less than 4 the cost of the newer antibiotics. 


Bottles of 12 and 100. 


Squibb 200,000 Unit Penicillin Tablets 


“PENTIDS’ 18 A TRADERIARK OF & SONS 


oral penicillin bid. 

t 

...for the more common bacterial infectious diseases 


